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JUNIOR COLLEGES 


By WALTER B. JONES 


University of Pittsburgh, Chairman S. P. E. E. Committee 


Engineering schools have been made aware of the tremendous 
growth of the junior college, if in no other way than by the in- 
creasing number of transfer students knocking at their doors. 

The papers read at the Corvallis meeting attest to the need for 
trained men in the middle level occupations, ranging in number 
from three to five of the latter to each professional engineer. 

The engineering profession up-to-date has been inclined to treat 
training programs of less than the sacred four years of college with 
considerable indifference. This is indicated in part by insistence 
on labeling of shorter courses by such terms as semi-professional, 
non-degree, and others implying incomplete training. Such titles 
tend to damn the program from the beginning and both students 
and faculty are quick to see the implication. Fortunately, a chang- 
ing attitude is developing in the direction of recognizing the place 
and function of so-called terminal courses. 

Difficulties of educational organization and administration will 
submit in time to solution under able leadership. But out of the 
experience of the past it seems clear that if training programs of 
middle-level or terminal character are to thrive on the same campus 
with senior college preparatory courses, the former must not be 
dominated by the preparatory or other groups with different ob- 
jectives and made to feel inferior because their course terminates 
in less than four years. The test of a successful program should be, 
does it fit the individual and at the same time provide competence 
in an occupation? The test should not be, is it equal to or a dupli- 
eate of some other course? 

Experience seems to indicate the advisability either of a sep- 
arate training school for terminal courses or to provide such courses 
only in schools where there is sufficient demand for this type of 
training so that the group would be large enough to develop group 
consciousness. Perhaps this is the secret of the success of such ex- 
periments as some of those in the junior colleges on the west coast 
where eighty per cent of the enrollment is in terminal courses and 
the remainder in courses preparatory to senior colleges; and, eon- 
versely, it may be the reason why comparative failure has attended 
the training of the middle level group in junior institutions where 
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394 JUNIOR COLLEGES 


the senior college preparatory enrollment predominates. This may 
also be the reason why the separate technical institutes have been 
successful while similar courses in four year engineering schools 
have been failures. 

Whatever may be the solution to the problem, and it will be a 
different one in different communities, the transfer student from the 
junior college will present himself for admission to the four year 
institution. He will have preparation either in engineering school 
preparatory courses or in terminal courses, and it seems reasonable 
that those from the two groups who would profit by continued 
training should not be denied consideration. 

If junior colleges cannot provide adequate introductory train- 
ing for prospective engineers, obviously engineering schools should 
demand that all four years be spent on the latter’s campus. How- 
ever, if the junior college prepares for the senior college, it is not 
impossible to suppose that, at least in the larger centers, as ade- 
quate preparatory training could be provided for prospective engi- 
neers as for other students. Some institutions have met the prob- 
lem of codordinating the work of junior and senior college by 
forming a liaison with junior colleges in their state, as is eminently 
true in Minnesota and Kansas, or by establishing junior colleges 
under their own direction in off-campus centers as at Pittsburgh. 

In justice to the students of superior ability, wherever they are 
trained, it would seem that provision should be made either for 
institutional accreditation by subjects or provision for individual ac- 
ereditation through examination. Where competence is found, 
credit should be allowed. 

It is to the latter problem of transfer credits and their evaluation 
that the Junior College Committee of the Society for the Promotion 
of Engineering Education is this year directing its attention. It 
is hoped that this problem ean be studied dispassionately but with 
courage to demand justice for thorough training however or wher- 
ever obtained. 
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INSTRUCTION IN INDUSTRIAL RELATIONS ON THE 
PACIFIC COAST * 


By CHARLES DERLETH, Jr. 


Dean, College of Engineering, University of California 


A glance at the S. P. E. E. Journat or ENGINEERING Epuca- 
TION Shows that there are at least two subjects of unusually live 
interest to our members. One is engineering instruction in Manage- 
ment, Business and Industrial Relations. The other is English for 
Engineers. 

I will not decide which subject seems more inviting to our 
authors. Questionnaires reach me equally and frequently in both 
departments of inquiry. Engineering faculties feel the urge which 
comes from industry and society demanding improvement in engi- 
neering education and closer attention by teacher and student to 
training in social relations and language. 

May I be so bold to digress here a moment to say this: Last 
night we heard an illuminating speech from the President of the 
Massachusetts Institute of Technology. He proved to us that there 
are cultural aspects in our engineering atmosphere. But why 
should we be on the defensive. Why should we imply an inferiority 
complex in subjects which relate to physies, language and cultures? 

I have been asked to report on the present status of instruction 
in Industrial Relations on the Pacific Coast. I have addressed the 
Engineering Colleges of the Pacific Coast States west of the Rocky 
Mountains. The officers of these institutions have generously re- 
plied. It is clear that all of them are striving to insert social and 
language courses into their curricula, even at the expense of tech- 
nical fundamentals and basic subjects in pure science. In closing 
I shall list a summary of Pacific Coast offerings to engineering stu- 
dents, but first I desire to give my views of a trend toward undue 
emphasis upon accomplishments which after all are largely the re- 
sult of native talent and years of experience in men of capacity 
and personality who teach themselves gradually how to manage men. 

To demand of all students who enter our engineering colleges 
continued training in linguistics, economies and industrial relations 
is a waste of time—an effort to do the impossible. Yesterday a 
clear distinction was made between the problems of the technical 

* Presented at the 40th annual meeting 8. P. E. E., Corvallis, Ore., June 
29-July 1, 1932. 
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institute and those of higher engineering organizations which lead 
to graduate instruction and research. Our engineering schools, it 
seems to me, are grappling with difficult problems due to the mix- 
ture, on the same campus, in the same courses under the same 
faculty, of two types of students: those who possess the possibilities 
for the highest reaches of the profession, and those who are to act 
as the assistants. By mixing these types unduly we place an in- 
feriority complex upon the lesser group. Mothers and fathers, and 
the students themselves, all wish to go beyond that curriculum for 
which native talent fits them. It requires an instructor of vision, 
personality and experience to deal successfully with aspects of 
human relations. Unless a teacher is so endowed his courses of in- 
struction will be dead and unattractive. The instructor must refer 
to real cases drafted from his own experience and wide contacts 
with men. Text-book instruction will not suffice. There are plenty 
of text books, a new one every month from the press, but they re- 
quire the breath of life from an instructor who understands the 
limitations of his pupil and who possesses a psychology of approach. 

Again, the average student has no background in experience, no 
clear insight into the complex nature of technical problems and their 
relation to social, financial and political questions. If he lacks 
imagination, a text-book course by an inapt teacher becomes stale 
and uneconvineing. Moreover, why attempt to teach leadership to 
men who at best can be only conscientious assistants? We may 
partly lift the young man into a new horizon, only to increase his 
disappointment through later lack in achievement. 

I would applaud a whole-hearted, human-minded attitude in 
the teaching of all subjects in an engineering curriculum. Stu- 
dents should be impressed with the human values of their profes- 
sion. We can create an attitude of mind for all students even 
though they do not become leaders. We cannot teach students 
formulas by which they may manage men or acquire the subtle 
qualities necessary to evaluate human actions. 

The instruetor who teaches surveying or electrical machinery 
or bridge-design, indeed any subject, has it within his power to 
digress from time to time to insert the human element into his dis- 
course. I believe that with emphasis in this direction our engineer- 
ing courses may become industrially minded and effective in their 
outlook toward business relations without depriving a four years’ 
engineering sequence of the necessary fundamental subjects in 
technology and pure science. What I observe in some institutions 
is a tendency to teach men generalized courses for which they have 
not the talents to benefit and in place of training in fundamental 
technical elements. 

I like to compare the personnel of a profession with the units 
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in an Army or a Navy. When we train men for military service 
we do not start out with the assumption that all are to be Generals 
or Admirals. There must be officers of lesser rank, while the great 
majority of the men must be privates or seamen. Similarly in an 
engineering school let us not forget that a great many of our young 
students are likely never to reach high positions. Most of them 
should be trained to be satisfied, contented and efficient surveyors, 
computers, inspectors, draftsmen, and construction assistants. These 
may seem like lowly terms, but great responsibility and broad tech- 
nical knowledge is increasingly required in these services. For men 
so endowed I do not think advanced graduate courses are of value. 
Certainly it is a mistake that for them fundamental courses in engi- 
neering should be replaced by the theory of advertising, journalism, 
husiness management, or the psychology of human relations. 

Of one hundred students who enter an average engineering 
freshman class, thirty-five after four vears satisfy a B.S. degree at 
graduation. It is clear that these thirty-five already are highly 
selected from the great group of students who started in the primary 
and grammar schools. It is my impression that in after life these 
thirty-five men drift, partly through fate and opportunity and 
partly because of personality and fitness, into different departments 
of the professional army of life. Some get into engineering. Others 
desert or are transferred by accident or désign into related fields of 
endeavor, very largely in salesmanship or business. 

When we examine the army composed of groups of these thirty- 
fives, drawn from and combined with the graduates of many dif- 
ferent schools and examine the achievements of this army, twenty- 
five or thirty vears after graduation, I believe it can be shown that 
not more than twenty-five per cent of the number achieve consid- 
erable success either in engineering or in business or in other avoca- 
tions into which they have drifted. The striking fact to me is, 
though it may seem disappointing and depressing, that not more 
than five per cent of this group, as a rule, acquire outstanding suc- 
cess or leadership. 

Some will say that this minimum of leadership is the result of 
defective education, of the lack of English teaching, or foreign lan- 
guage, or psychology, or economics, or business law, ete. I claim 
it is the result of the native endowment of men. 

Men in industry and business and teachers in colleges other 
than engineering seem readily to assume that our engineering schools 
are lacking in the wider outlook on life, in the ability for speech 
and presentation. I think this statement is unjust and not com- 
mensurate with the facts. Select anv equal group of men and 
women in the varied professions and vocations of life and I believe 
you will find in comparing their achievement that they too have 
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twenty-five per cent of graduates of reasonable success and only 
five per cent with outstanding accomplishment, be they lawyers or 
doctors, ministers or politicians, business men or housewives. 

My thesis then is that we make a mistake to require five and 
seven years of training after high school for all technical aspirants. 
Some should stop with high sehool, others at the close of a junior 
college of two vears’ sequence ; still others will be satisfied by a tech- 
nical institute, by correspondence courses and special short term 
schools or business colleges now so active in our larger metropolitan 
centers ; schools with emphasis, on the one hand, on the manual arts 
and secretarial subjects; and, on the other, on courses in technical 
fundamentals, giving, as they claim, only the essentials and omit- 
ting the non-essentials of advanced theory, language, history and 
English, qualifying men promptly for the routine works of life. 
Such schools may train assistants well, and I have known men of 
leadership who have come out of such an environment. 

Others of our students, more gifted, should be guided into a 
regulation four years engineering course with sufficient electives 
to allow some general training in language and industrial relations 
and, let us hope, by professors who have the capacity to insert into 
all subjects the human touch. 

We should be on the alert to encourage those to still higher en- 
deavor and broader training who have proved themselves mentally 
qualified and who show signs of the personality for management 
Such men may profit by graduate instruction, by combinations of 
engineering with courses in commerce and by post-graduate work 
in schools of business administration provided these schools have 
really something to offer and men on the faculty who have some- 
thing to give. 

Yet even here I challenge the assertion that all of our best stu- 
dents should be so trained and held in school so long. Engineering 
in my judgment has peculiarities which may offer to the ablest stu- 
dent a graduate opportunity in the actual field of business or pro- 
fessional accomplishment. To go straight from the engineering 
school at the end of a four years B.S. degree course to a great in- 
dustry or to an enterprise like the Hudson River Bridge or the 
Panama Canal under the leadership of the strongest organizers and 
engineers, to join with other able men in a complex organization, is 
an opportunity not to be lightly swept aside for two more years of 
instruction in a graduate department of even the very best engi- 
neering school in the country. 

I have known students of talkative temperaments with talents 
for easy and superficial acquisition who have been made still more 
talkative and less constructive in after life by too much weaning in 
graduate departments of our largest institutions where the student 
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may receive instruction in glittering generalities about human laws, 
human ways, human management and human problems in business 
or in profession. 

Please do not accuse me of denying the worth of business col- 
leges and offerings in the domain of industrial relations. I am 
attempting to phrase a word of caution lest we destroy our engi- 
neering schools by converting them into scholastic schools of argu- 
mentation and dialectics. Some men are born to speak well, others 
acquire expression, but few can have style in either writing or 
speech thrust upon them. The major problem of our teachers is 
to teach effectively rather than what to teach or how to gather in- 
formation to be thrust into the skulls of students. It is training 
we want, mental discipline, the capacity to think and to express our 
thoughts. Educators of the business schools, if they are frank, must 
concede the difficulties to get mental discipline from some business 
subjects. A course in the psychology of salesmanship cannot take 
the place of precise analytical thinking or instruction in caleulus 
and mechanics. 

Some of our educators complain because young men leaving col- 
lege lack the attributes of mind that are acquired only by the few 
as they draw nigh toward three score years. All the courses in all 
the colleges cannot take the place of experience in the counting 
house and in the market place. Men must learn from mistakes and 
failures ; to relieve them of the temptation for mistake or the oppor- 
tunity for failure is likely to make mollycoddles. 

Recently in one of our western engineering schools commercial 
engineering was introduced as a four years option. The professor 
in charge wrote me that when this option in commercial engineer- 
ing was established it at first had few students and most of these 
were originally students who had been registered for the normal 
engineering courses in civil, mechanical or electrical engineering, 
but who could not stand the hard work of these engineering pro- 
grams. If industrial and commercial instruction is to have worth 
it must stand on a high plane and exact severe standards. 

A college president at a Commencement address this June urged 
simplicity as a remedy for the ills which beset our American s0- 
ciety. He mentioned business, government, recreation, education, 
religion among the civilized institutions suffering from too great 
complexity. At the University of California, Berkeley, our summer 
session is in progress. There they have fenced off one of the most 
beautiful sections of the campus at considerable expense to pro- 
duce a children’s play ground, so that expert teachers may teach 
teachers how to teach youngsters to play. I agree with this charge. 
Engineering students should have the fundamental bases of a tech- 
nical profession. To dilute fundamental science and fundamental 
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engineering is to rob the student of essentials. He must acquire 
training in physics, mathematics, chemistry, mechanics, hydraulics, 
thermodynamies and strength of materials; even though in later life 
he may forget the drilling. The effect of the training remains in 
the mental processes and viewpoints of the eventual Engineer-— 
Business Manager. To replace any of these fundamental courses 
by instruction in journalism, bookkeeping, statistical analysis and 
other general subjects of a business flavor is dangerous procedure. 
Oh, I wish we had time to discuss all aspects of this problem. A 
very notable and successful banker in San Francisco recently ad- 
dressed our college of commerce. Politely, but frankly, he advised 
our professors to let the students graduate, then go to a bank to 
learn something about banking. The student and the professor 
alike may be deceived in evaluating such instruction when not 
based upon fundamental information and a reasonable amount of 
experience in the world of trade and construction. 

I now turn toa summary of Pacific Coast offerings in social, 
business and industrial instruction, whereby our western engineer- 
ing schools attempt to make young men socially minded upon the 
difficult problems which confront them at the threshold of a pro- 
fessional career. 

UNIVERSITY OF CALIFORNIA 


For B.S. students in civil, electrical and mechanical engineer- 
ing, we assume that a considerable number, probably at least half, 
will enter the engineering profession through minor positions, at 
first more concerned with the business than with the technical side 
of engineering work. This has been increasingly the case in recent 
years, especially during the depression, with graduates in electrical 
and mechanical options. 

We urge our students to acquaint themselves with the problems 
of industrial engineering, either by electives in the engineering de- 
partments or by selection of courses in the departments of economies, 
commerce, law, political science, etc. Bi-weekly conferences are 
held in our engineering departments for the benefit of senior stu- 
dents, where problems of adjustment to life after graduation are 
discussed by different members of the faculty or by invited guests. 


Special Engineering Courses 


Each engineering department offers at least one course of an in- 
dustrial flavor. Thus in mechanical engineering students may elect 
a course in the theory of investment with application to engineer- 
ing structures. This course is described below. It is our custom to 
post deseriptions of this character for all generalized courses to at- 
tract students to elective subjects in any of our curricula. A paral- 
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lel course in the department of civil engineering is entitled engi- 
neering relations, contracts and economics. In mining are given 
courses in mine development and methods, economies of mining, 
mine cost accounting, mine valuation, cost accounting in petroleum 
production. Professors in irrigation engineering announce courses 
in irrigation institutions and economics. 

Our senior students, candidates for the B.S. degree, must pre- 
sent a thesis for graduation. The student selects his subject, is re- 
quired to take the initiative in its development. He is assigned a 
special adviser. Students with proper capacity are urged to use 
the thesis for studies in business, industrial management and 
economics. Our Engineering faculty assumes that industrial rela- 
tions will be more prominently before us in the near future. The 
College of Engineering is considering a four years’ curriculum with 
emphasis on industrial subjects in parallel to the present curricula 
in mining, civil, electrical and mechanical engineering. But in such 
a sequence the student must be competent to take the facts of pure 
science and the fundamentals of engineering and apply them for 
social purposes. No man is likely to achieve real eminence in the 
broader aspects of a social service based on Engineering unless he 
himself is a competent engineer. 

To students who are fortunate enough to have the money, time 
and inclination and the mental and personal capacity for advanced 
training, the University of California offers a fifth and a sixth year, 
or even a seventh year, leading in the Graduate School to degrees 
in engineering, Master of Science and Doctor of Philosophy, aceord- 
ing to the student’s choice. Here the student may emphasize both 
technical subjects and industrial subjects. He may combine the op- 
portunities of the engineering departments with the announcements 
in our College of Commerce—an entirely separate organization from 
our Colleges of Engineering. It is likely that the outcome of our 
present processes for dealing with individual students will result 
in a combined announced curriculum offered jointly by the Colleges 
of Engineering and Commerce wherein the student will receive 
training in engineering and in commerce subjects. Such a course 
by its nature must require more than four years’ attendance and a 
degree higher than the Bachelor’s degree. 

In our College of Commerce there is a wealth of offerings in ac- 
counting, commercial law, corporation finance, statistics, auditing, 
cost accounting, income tax procedure, public utility organization, 
advertising, economies, applied psychology, management, insurance, 
principles of transportation; and many more, in fact too many, as 
ean be gleaned from the Announcement of our College of Commerce. 
By this I mean no criticism of my colleagues in Commerce depart- 
ments. We, too, in Engineering offer entirely too many courses. 
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The fault is not wholly ours. In a State University constant 
pressure is brought to bear by the public for specialized instruction. 
The taxpayer demands it. To some degree we must submit. In 
defense may I add that the great privately endowed institutions 
offer just as many courses of a like nature. 

Our printed Announcements list courses and the arrangements 
of courses into curricula. Our advisory faculty system makes it 
possible for students with ability and intention to follow sequences 
not specially announced and which may be termed curricula in in- 
dustrial relations or business administration with various avenues 
of emphasis. 

I conclude with an example of an engineering course offered by 
the department of Mechanical Engineering. 


MECHANICAL ENGINEERING 120 


Mathematical Principles of Investment as Applied to 
Engineering Structures 


Texts: (a) Putnam, T. M., “ Mathematical Theory of Finance,” 1925, 
Wiley ; 
(6) Eidmann, Frank L., “ Economie Control of Engineering and 
Manufacturing,” 1931, MeGraw-Hill. 


PREREQUISITES for course: Junior standing in the College of Engineering. 


Description: This course is designed to provide the students with the tools 
for attacking the financial problems usually encountered in engineering 
practice, and to apprize him of these problems through the consideration of 
a number of typical ones selected from different fields. In consequence, 
the mathematical theory of finance will first be presented or rather, 
sketched. Illustrative examples will be solved by the class. Applications 
to engineering structures will follow. The course concludes with a con- 
sideration of the need for financial plans as well as design plans in engi- 
neering. 

Outline ef Course 
I. Introduction: 
The relation of the engineer to investment. 
Effects of the introduction of mechanism or automatic machines. 
First cost and ultimate cost. 
Difficulties of defining cost; cost involves time and depreciation; 
money is affected by time. 


Il. Mathematical Theory of Investment: 
Simple interest; compound interest; annuities; 
Illustrative examples involving the use of tables. 
Mortality tables and life insurance. 


III. Applications in Engineering Practice selected from 
1. Fixed costs and operating costs; balance in generating stations. 
2. Load Division between Power Plants. 
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stant 3. Load Factor and unit cost determination. 
etion. . Eeonomice Conductor Sections; Power Distribution Systems. 
In 5.:Comparison of production methods involving different unit costs 
itions and preparation costs. 
. Minimum cost point in manufactured lots. 
. Bonds and Sinking Funds for retiring them. 
nents ‘RS : +f, ; 
son: de . Depreciation and its effects: (a) Simple methods of appraisal. 
die (b) Consideration as a problem in life expectancy. 
ences 9. Economie Maximum for Building Heights. 
in 1n- 


IV. Statistical Method and the Laws of Chance: 
The probability curve. 
1d by Applications in study of depreciation. 
1 Examples from (a) Cross Tie Replacements; (b) Telephone 
Cable Replacements; (c) Automobiles. 


onues 


V. The Need for Financial Plans in Engineering. 
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Engineering Economics: 

Barnes, Ralph M. “ Industrial Engineering and Management.” 

Eidmann, Frank L. “ Eeonomie Control of Engineering and Manu- 
facturing.” 

Fish, J. C. L. “ Engineering Economics.” 

Goldman, C. B. “ Financial Engineering.” 

Grant, Eugene L. “ Principles of Engineering Economy.” 

Kimball, D. S.  “ Industrial Economies.” 

Kurtz, Edwin B. “Life Expectancy of Physical Property.” 

Lovell, A. H. “Generating Stations; Eeonomie Elements of Elec. 
Design.” 

Nash, L. R. “ Economies of Publie Utilities.” 

Raymond, Fairfield E. “ Quantity and Eeonomy in Manufacture.” 

Tournier, EK. J. “ Materials Handling Equipment.” 

Underwood, G. “ Estimating Construction Costs.” 


STANFORD UNIVERSITY 


Stanford offers a two years’ graduate curriculum in Administra- 
tive Engineering. Instruction in the business side of engineering 
began at Stanford in 1912 when the introductory part of the course, 
engineering theory of railway location, was separated from railway 
structures. The new course was entitled engineering economy, later 
changed to engineering economics. In 1919 the Department of 
Mining Engineering established for its graduate students three 
courses in valuation, organization and management. In 1925 there 
was set up a clearing house of engineering economics; also in that 
year the faculty of the School of Engineering voted to include engi- 
neering economies in the single undergraduate curriculum inaug- 
urated at that time. Since 1930 each department of engineering 
has offered a two years’ graduate curriculum in administrative engi- 
neering leading to the degree in Engineering. 

The School of Engineering at Stanford now offers the follow- 
ing courses pertinent to administrative engineering: engineering 
economies, statistics, accounting, valuation, specifications and con- 
tracts, shop administration, mine valuation, mine organization, mine 
management. 

The Graduate School of Business considers as essential to the 
two year graduate curriculum in administrative engineering: busi- 
ness economics, business organization, industrial management, per- 
sonnel management, production management. 

The courses in industrial management and production manage- 
ment are given by the Professor of Industrial Management in the 
Graduate School of Business. This officer is a mechanical engineer. 

It will be noted that the offerings at Stanford are similar to the 
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opportunities at the University of California. Likewise at Stan- 
ford courses in the Departments of Economies and Political Science 
are available as electives in the Administrative Engineering eurricu- 
lum. This curriculum requires a sufficient number of advanced 
courses in engineering to warrant the granting of the degree Engi- 
neer, in tlie respective groups, civil, mechanical and electrical engi- 
neering. The student is expected to plan a program of study in 
consultation with one or more of his professors, those most nearly 
interested. He then presents his program to the departmental 
faculty for approval. 

At present the two years’ graduate curriculum in administrative 
engineering is being pursued by seven of the eighty-eight graduate 
students in the Departments of the School of Engineering. 

A course called ‘‘ Personnel Management”’ is given in the Grad- 
uate School of business, open to graduate students in engineering. 
There is no formal course in the School of Engineering dealing ezx- 
clusively with industrial relations in the sense that Professor Smith’s 
course does at Yale. However, the course engineering economics 
required of all undergraduate engineering students, while laying 
primary emphasis on how to answer the question ‘‘will it pay?’’ 
in a variety of engineering situations also undertakes to stimulate 
the interest of the student in questions related to the administrative 
side of Engineering, and to the latter end offers the student an 
option of assigned reading on selected subjects. One of these sub- 
jects is ‘‘ Industrial Relations and Personnel Problems.’’ The read- 
ing covers all of Schell’s ‘‘Technique of Executive Control’’ and 
some of the chapters in Lewisohn’s ‘‘The New Leadership in In- 
dustry, Dennison’s ‘‘Organization Engineering,’’ and Tead & Met- 
ealf’s ‘‘Personnel Administration.’’ This reading option is elected 
by about twenty per cent of the hundred and more students enrolled 
each year in the course ‘‘ Engineering Economies.”’ 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


The Institute offers to engineering students the following courses 
in the Department of Economies: (1) General economics, govern- 
ing production, distribution, consumption, with reference to im- 
portant business and social problems of the day; (2) Selected 
economic problems in transportation, agriculture, labor legislation, 
socialism, labor policies; (3) Accounting, that is the interpretation 
of financial statements, a description of bookkeeping methods, 
emphasis being placed on actual business problems involving execu- 
tive interpretation of accounting reports; (4) Business Law; (5) 
Social and economic organization; (6) Business economics. The 
29 
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content of these courses is fully described in the Bulletin of the 
Some of these subjects are offered in a fifth year. 
neers may elect them in place of history, literature and philosophy. 
Out of a total of 53 units required in the fifth year nine units are 
devoted to these subjects, the remaining 44 being assigned to engi- 
neering, research seminars, and professional technical subjects. 

In the undergraduate curriculum the idea is to give elementary 
economics, business law and accounting; no expansion is contem- 
plated, as the prime objective is to equip students adequately in 
science or technology. If students take additional courses they do so 
as extra credit in mathematies, finance, statistics, financial organiza- 
tion, business administration and corporation finance. 

Industrial accounting and industrial statistics is given in the 
second year, but only for extra credit. 
the faculty to transfer this subject to the Graduate Division. 

In the fifth year and other graduate years advanced engineering 
students pursue courses in business economics, the work covering 
business organization, industrial promotion, industrial finance, in- 
dustrial management, the marketing of industrial goods; an ap- 
proach to the interpretation of financial statements, cost account- 
ing, industrial statisties ; four hours each week throughout the year. 
The class is divided into study groups for particular features of in- 
dustry, usually aeronautics, communications or manufacturing. 


Institute. 


The Oregon State Agricultural College at Corvallis conducts 
courses in agriculture, chemical engineering, commerce, engineer- 
ing and mechanic arts, forestry, and mining. 
merce courses are offered in accounting and management, advertis- 
ing and selling, agricultural economies, banking and _ finance, 
commercial education, economics and sociology, general business, 
government and business law, markets and marketing, real estate, 
secretarial training, with suggested combinations. 
Engineering, in addition to the usual curricula in civil, electrical 
and mechanical engineering, there are offered general engineering 
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OrEGON STATE AGRICULTURAL COLLEGE 


and a curriculum in industrial arts. 


The Dean of the College of Engineering and Mechanic Arts 
described to me the future policy for instruction in Industrial sub- 
jects. Their work in industrial relations as embodied at present in 
engineering curricula may be regarded as in a transitory stage, 
divided into offerings by the School of Commerce and those in the 
They prescribe a general course in the 
principles of economics and a course in accounting in all engineer- 
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ing curricula. These have been presented in the manner usual in 
Schools of Business Administration. In Engineering the faculty’s 
policy is developing two differentiated plans, one related to in- 
dustrial administration, the other supplementing the present engi- 
neering curricula in civil, electrical and mechanical engineering. 

These two plans are in process of growth. A new curriculum in 
industrial arts has been outlined by the Engineering School with 
the title Industrial Shop Administration. This course is designed 
to train minor executives for shops and factories. The School of 
Vocational Education is coédperating. This course is described in 
the Oregon State Technical Record for May, 1928. The Professor 
of Industrial Arts explains that there is a need for men who are 
quite thoroughly conversant with mechanical processes and who 
have had some training in the management of men and machines 
and in the routing of materials necessary to the development of our 
modern industrial system. To meet this industrial need the Depart- 
ment of Industrial Arts of the Engineering School at Oregon State 
College has established the curriculum in industrial shop admin- 
istration and is prepared to graduate those who complete the pro- 
gram with the degree of Bachelor of Science. 

The Engineering faculty hopes eventually to develop this eur- 
riculum in industrial shop administration into a course in industrial 
administration but does not wish to dignify the course with the new 
title until the curriculum includes such subjects as production 
methods, economic and efficiency controls, and industrial admin- 
istration. The faculty has a strong aversion toward calling any 
curriculum an engineering curriculum unless it embodies a train- 
ing leading to some degree of mastery of the applied physical 
sciences. Engineering is characterized by the mastery of the gen- 
eral purpose tools of mechanics, thermodynamics, electricity, etc., 
together with an understanding of the technology of application. 
A curriculum which does not embody this technical training in the 
characteristic engineering way of thinking should not be called an 
Engineering curriculum even though it includes certain principles 
and practices of administration. For this reason at Oregon they 
propose to develop industrial shop administration into a ecurricu- 
lum of industrial administration rather than industrial engineering. 

Because of the progressive trend of engineering graduates toward 
positions of managerial responsibility they likewise contemplate a 
stronger development of a collateral group of courses in the broad 
principles of economies, engineering economy, and administration. 
They have in mind at least three courses in the senior year treating 
these subjects; they are already partially outlined in the present 
civil engineering curriculum where in the senior year are offered 
courses in contracts and specifications, estimating and cost analysis, 
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and engineering administration ; which latter might more properly 
be called economic organization and administration of construction. 
This third course is now taught by the Executive Secretary of the 
Portland Section of the Associated General Contractors. The 
faculty is looking forward to similar developments for economies of 
publie utilities, rate making and utility controls, utility administra- 
tion, industrial economics, cost controls, particularly for the eur- 
ricula in electrical and mechanical engineering. 


UNIVERSITY OF OREGON 


At the University of Oregon among the professional schools are 
a School of Business Administration, a School of Journalism, a 
Bureau of Business Research and Publie Service. In these depart- 
ments students find training in finance, accounting, foreign trade, 
marketing, advertising, transportation, personnel management and 
production; courses in law may be taken in combination with 
courses in business administration. The Graduate Division offers 
advanced instruction in business administration. There is organ- 
ized a Bureau of Business Research and a Municipal Reference 
Bureau. 


UNIVERSITY OF WASHINGTON 


The University organization includes a College of Business Ad- 
ministration covering fundamental scientific training in industry 
and commerce in a course of twelve quarters; a College of Engi- 
neering of six departments, aeronautics, chemistry, civil, commer- 
cial, electrical, and mechanical engineering with curricula of twelve 
quarters leading to degrees of B.S. There is a School of Journalism, 
a School of Law, and a College of Mines. A student therefore with 
the proper qualifications and interest, by a combination of offerings, 
may pursue training in Industrial Relations. 

Engineering students who elect the option in commercial engi- 
neering receive instruction in industrial relations, business manage- 
ment and economics. The head of this department informs me 
that they insist upon making the commercial engineering curricu- 
lum of the same scholastic severity as the other engineering curricula 
in the school. He believes that the present industrial depression in 
immediate future will bring increasing demands from employers of 
engineering graduates for men who have a combination of training 
in technology and economies. He believes that the value of indus- 
trial training of proper standard will be more evident in the fu- 
ture than heretofore. He does not believe that students can be 
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taught to manage men but that they can develop certain attitudes 
of mind and seeure a background, which will be useful to them in 
entering business or administrative aspects of engineering. 

An examination of the catalogue of the College of Business Ad- 
ministration shows instruction in many subjects related to our 
topic, such as general economics, business law, practical business 
relations, accounting surveys, money and banking, industrial man- 
agement, corporation finance, cost accounting. 


State COLLEGE OF WASHINGTON 


Instruction is given in Colleges of Agriculture, Mechanic Arts 
and Engineering, Mines and Geology. In the College of Mechanic 
Arts we find a curriculum in management engineering, commercial 
electrical engineering and commercial mechanical engineering. 
The College of Sciences and Arts operates a School of Business Ad- 
ministration. It gives courses in business administration, economics 
and secretarial science. 

In the Engineering College each four year curriculum provides 
for instruction in industrial subjects. We find these listed in the 
sophomore, junior and senior years, such as economies, cost account- 
ing, business law, money and banking, labor problems, and varied 
courses in business administration. These are found in largest per- 
centage in the curriculum in management engineering but some of 
these subjects occur in all of the curricula, civil, electrical and 
mechanical. 


UNIVERSITY OF IDAHO 


Amongst the divisions of the University concerned with our sub- 
ject are the Colleges of Agriculture, Engineering, Mines, and the 
School of Business Administration. 

May I interpolate the comment that all of the western institu- 
tions offer essentially similar opportunities in law, economics, busi- 
ness and engineering, so that a student may by combinations of 
courses in different schools or colleges adjust a commercial and 
industrial course of study over a period of four, five, or more years. 
Most of the schools publish such a suggested sequence or curricu- 
lum. In most of the Universities there are Departments, Colleges 
or Schools with such titles as Business Administration, Management 
Engineering, and the like. 

Because of these similarities of organization, treatment and of- 
ferings, I do not attempt a complete record for any institution. It 
must be understood therefore that in my report I make ellipses and 
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omissions which the reader of this paper can supply by examining 
the Announcements, Annual Catalogues and Bulletins of the re- 
spective institutions. 

The Dean of the College of Engineering at Idaho informs me 
that in civil engineering the students of the College are required to 
take prescribed courses in estimates and costs, engineering admin- 
istration, and economics. In the other departments of the College 
of Engineering students have similar prescriptions, emphasizing 
quantity surveys, cost estimates, cost reports, economic comparisons 
of structures, organization, valuations, rate making. 


UNIVERSITY OF UTAH 
Uran STATE AGRICULTURAL COLLEGE 


The Utah State Agricultural College maintains Agriculture, 
Forestry, Engineering and a School of Commerce. Amongst the 
prescribed courses in engineering we find: Office practice, general 
economics, business organization and accounts, irrigation institu- 
tions and management, engineering economics, contracts and speci- 
fications, highway administration. In the School of Commerce there 
are departments of Accounting, Business Administration, Mer- 
chandizing, Secretarial Work, each listing many courses. Also 
there are Departments of Economies, Political Science, Sociology. 

The sister institution, the University of Utah, in its School of 
Mines and Engineering requires of all senior engineering students 
a course dealing with engineering economics, business law and in- 
dustrial relations. Some of these topics are taught by Engineering 
teachers, others by instructors from the School of Law or the School 
of Business. In the sophomore year all engineering students are 
instructed in elementary economics taught by members of the De- 
partment of Economics. The Dean tells me that their future policy 
does not contemplate an increase in the amount of time devoted to 
these subjects. Nevertheless, a perusal of the catalogue will show 
that a student may remain longer in residence or attend in graduate 
status, and take additional subjects of a social nature. 


UNIVERSITY OF NEVADA 


Amongst the Schools and Colleges of this University we find 
Engineering, Agriculture and affiliated organizations. The Pro- 
fessor of Civil Engineering informs me that he constantly advises 
engineering students to takes courses in economics, accounting, 
business administration and general psychology, some of which are 
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prescribed in the curriculum. In addition there are such courses 
as engineering economics offered by engineering professors. A 
perusal of the catalogue shows that in the freshman year all stu- 
dents receive an orientation course in general engineering. 

In later years the curriculum lists elementary economies, eco- 
nomic geology, an introduction to economies and business, financial 
and business organization, technical reports, industrial organiza- 
tion, offered by departments other than engineering. In the senior 
vear we find special treatments such as mineral industry economics, 
mine administration, given by the department of Mining; and by 
the professors of Civil Engineering such subjects as engineeering 
economics. 

The Departments of Economies, Business and Sociology offer 
the usual list of opportunities such as principles of economies, pub- 
lie finance, money and banking and international trade, public 
utilities, transportation, insurance, statistical methods, labor prob- 
lems and a group of courses appealing directly to business organiza- 
tion, such as administration of distribution, elementary and ad- 
vanced accounting, administration of production and of finance, 
fundamental principles of law as applied practically to the pro- 
fessions, to business and citizenship, advanced business law, cost 
accounting, income tax accounting. There is a group of subjects 
under the heading sociology—principles of sociology, social prob- 
lems, social institutions. 


UNIVERSITY OF ARIZONA 


The Dean of the College of Mines and Engineering tells me that 
all engineering students are required to take six units of economics. 
Many of his students can and often do take additional electives in 
the Economics Department. Many members of the faculty at Ari- 
zona have had successful industrial experience so that industrial 
relations and business management are included in many of the 
technical engineering courses. The School in normal years arranges 
for visits to the campus by successful executives who address the 
engineering students. Sometimes these visitors deliver courses of 
two, three or more lectures. In the College of Letters, Arts and 
Sciences there is a major requirement in business administration in- 
eluding accounting, agricultural marketing, finance, general busi- 
ness, merchandizing, public control, insurance. These courses may 
be taken by engineers. The tabulated curricula in engineering in- 
elude prescriptions in English, economics, business law for engi- 
neers. There is a group of departments headed, Economics, So- 
ciology, Business Administration. 

The catalogue lists some unique offerings. The Dean at Arizona 
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called my attention specially to a course in engineering economies 
offered in the department of electrical engineering which is elected 
largely by senior and graduate students in civil, electrical and 
mechanical engineering. This course deals with business problems 
requiring a knowledge of engineering for their solution. Problems 
in investments are analyzed. Factors involved in the success of this 
analysis are studied, such as first cost, operation costs, public and 
private corporations, business statistics, forecasts, valuation, esti- 
mating. 

In the department of Mining and Metallurgy is offered a 
course entitled, Seminar in the Administration of Mineral Indus- 
tries, for graduate students and seniors. The subject matter in- 
cludes mine, mill and smelter operation and management. This is 
followed by a seminar with field work in the administration of 
mineral industries, a course open only to candidates for the degrees, 
Administrative Engineer of Mines or Administrative Metallurgical 
Engineer. Admission is allowed only to those who have demon- 
strated qualities of executive ability. It is claimed that no other 
college in the country offers a similar course. Such a course may be 
offered whenever an instructor with the proper practical back- 
ground and personality appears and especially where the institu- 
tion lies in the locality of the industry discussed. 

These courses in the administration of mineral industries, in a 
first semester, include business finance, business organization, ad- 
ministration and management, public speaking, business law, and 
administration seminars with field work. Electives are offered in 
sociology, a seminar in business administration and _ statistical 
methods in business. The second semester consists of laboratory 
work. The student goes to various mining camps in the State 
where opportunities are given him to study details of operation in 
mines and smelters. He studies plans of organization, accounting 
systems, methods of handling supplies, bonus systems, social and 
economic conditions, attitude of employees, welfare work. The num- 
ber admitted to the course is tentatively set at twelve men. The 
best qualified men are selected if the number applying exceeds 
twelve. The cost of the course is considerable. The student must 
be earnest to elect it. In the elaborate announcement for this course 
at least sixteen codperating companies are listed who have agreed to 
permit students to study their operations and where officials of the 
companies in mines and smelters give the student as much aid as 
they are able to render. 

I have mentioned this subject in some detail since in other 
localities and institutions peculiarly located and qualified, courses 
of a similar nature might be developed to train students in the arts 
of industry and industrial relations. There is opportunity in these 




























nh 


~S OS SS lhe 


oe — 





mics 
eted 
and 
lems 
lems 
this 
and 
esti- 





413 





INSTRUCTION IN INDUSTRIAL RELATIONS 


directions for limited numbers of students in selected departments, 
where the leader is a professor willing to sacrifice himself; an in- 
structor who has the personality to interest neighboring industries 
to serve and codperate. 


UNIVERSITY OF COLORADO 


At Colorado we find five Engineering curricula, Civil, Electrical, 
Mechanical, Chemical and Architectural; and a School of Business 
Administration. The College of Engineering is in close touch with 
the School of Business Administration. A considerable number of 
students elect work in related subjects from both groups. The engi- 
neering curricula are being re-arranged with the attempt to pro- 
duce more free electives so that courses in Business Administration 
may be selected by those engineering students interested in the 
business side of engineering and industry. The Dean stated that he 
does not believe it possible for an engineering student who pursues 
a thorough and serious four years’ course in engineering to devote 
any large percentage of his time to the study of business details. 
He believes that all engineering students should secure some of the 
fundamentals of business and at least enough insight into past and 
present business conditions and human relations to enable the young 
man to appreciate what those who are not engaged in engineering 
may be doing and thus to give to the studént of engineering some 
understanding of the economic structure upon which engineering 
projects must be founded. 

In the tables of courses listing the requirements for the degrees 
of B.S. in Engineering we find engineering economics, highway ad- 
ministration, engineering administration; engineering contracts, 
estimates and costs, organization and management, works manage- 
ment, industrial safety engineering. 


UNIVERSITY OF WYOMING 


Among the Colleges and Divisions of the University we find a 
College of Engineering and a College of Agriculture. In the Col- 
lege of Liberal Arts there is a division of Commerce. The engineer- 
ing departments offer courses in industrial engineering treating of 
various phases of management. In addition to the usual text book 
assignments on principles of industrial management and kindred 
subjects, the classroom lectures and problems supplement the prin- 
ciples studied with practical examples. In a second year a course 
in industrial management continues with problems of organization 
for corporations ; it deals with designing a project, tooling a product 
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and designing a factory to care for the machinery for the project 
chosen. 

The faculty encourages engineering students to take subjects 
in economies and political economy. Their undergraduates are re- 
quired to have at least three hours’ credit in political economy and 
three units’ credit in political science. They allow the students to 
elect other subjects, particularly in Economies, with credit toward 
graduation. Many of the engineering students devote considerable 
time in the Department of Commerce in preparation for work in 
the field of industrial management. 

I am informed that the faculty attempts to encourage students 
to elect general subjects, economics and business management, in 
keeping with the general trend of engineering education. 


CoNCLUSION 


I am aware that I have omitted reference to many other west- 
ern institutions, such as the School of Mines at Golden, Colorado, or 
the Agricultural School of that State. I have made no references 
to the University of Montana, or Schools in New Mexico. These 
have not been omitted by design. A perusal of their catalogues will 
show that they are cognizant of the engineering demands for in- 
struction in industrial relations. I think I have presented enough 
evidence to show that institutions west of the Rocky Mountains are 
doing whatever is possible to offer engineering students instruction 
in social, economic and industrial subjects. The limit is solely the 
time available and the need for fundamentals in pure science and 
its applications. 
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JUNIOR COLLEGE MOVEMENT ON THE WEST COAST * 


By BALDWIN M. WOODS 
Professor of Mechanical Engineering, University of California 


When a man moved into a town in 1905, constructed a house 
better than the average, purchased an automobile, and proposed the 
organization of a country club, he was described by his neighbors in 
two ways. To some, he was an officious newcomer, upsetting the 
traditions of the community, an advocate of extravagant living, and 
a supporter of radical ideas. His influence was expected to result 
in high taxes or at least in greater individual expenditures, to be 
a bad example to youth, and to exhibit a disrespect for the estab- 
lished order. On the other hand, some of his associates believed 
that he symbolized the beginning of a new era; to them he repre- 
sented the automobile movement. They, too, aspired to automobiles, 
to mechanized homes, and to country club pleasures. They admired 
his courage and were prompt in acclaiming him the prophet of a 
new day. 

The foregoing example of what many of us saw and heard 
twenty-five years ago illustrates the reaction of human nature to 
new things. When a community learns nowadays that a neighbor- 
ing town has extended its local educational system to include the 
thirteenth and fourteenth years and that it calls the new unit a 
junior college, the comments range all the way from severe con 
demnation to high praise. Those who condemn will find justifica- 
tion for criticism in the increased difficulties of articulating the 
new school with higher institutions of learning, in the effect on 
standards of teaching—which is temporarily and sometimes per- 
manently adverse—and in the chamber of commerce methods used 
to promote the expansion. They will be wearied by many claims 
of superiority of the new plan, only some of which can be sub- 
stantiated. 

Perhaps chamber of commerce methods of educational develop- 
ment are well known to you. There is a case on record where the 
president of a large university received a committee from the 
chamber of commerce of a small city. The chairman of the com- 
mittee explained that the group had come to inaugurate a campaign 
for the establishment of a branch of the university in the small 
city where they resided. They explained in detail the financial 

* Presented at the 40th annual meeting, S. P. E. E., Corvallis, Ore., June 
29-July 1, 1932. 
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benefits which would accrue to the city in question by such action. 
The president of the university asked what educational needs existed 
and what kind of branch they wanted. Their reply was to the 
effect that it did not make any difference, just so they had a branch. 
Modern advertising methods make such procedure common. 

In the same city with the critics, others will be found who will 
regard the new institution as one affording needed opportunities 
for boys and girls unable for various reasons to attend institutions 
distant from the community, even with the present ease of trans- 
portation. They will find numerous other reasons entirely con- 
vineing to them for providing the new step. 

After what has been said, one can surmise that the speaker is 
more interested in the analysis of the junior college movement and 
in its reasonable appraisal than in its promotion. In fact, it is likely 
that, as far as the state of California is concerned, the promotion 
of junior colleges has been achieved. There remain a few gaps, but 
it is significant that exclusive of the freshman and sophomore years’ 
instruction, located in the standard four-year colleges and universi- 
ties, there are now in California thirty-six or more public junior 
colleges, distributed widely over the state. So far as I know, only 
the communities with very small population, scattered sparsely over 
a wide area, are not served by these institutions. Some statistics 
concerning growth, development, and financial support will be 
given later. At this point it is desired to emphasize two general 
trends of national thinking and achievement which have influenced 
the establishment and growth of the junior college. 

For several decades it has been characteristic of American com- 
munities to be liberal toward education. Every one of us has heard 
parents discuss their own lack of educational opportunities in youth 
and their resolution to have their children profit by better training. 
This conviction has amounted to a religious fervor and has so domi- 
nated communities of the country that general education provided 
for the children of all citizens, regardless of wealth, position, race, or 
even of native ability, has been carried to a point not yet attained 
in any other large nation. We are all familiar with this feeling and 
its effects. The step in the development with which we are best ac- 
quainted is the extension of high school facilities. For example, in 
1891, it is reported that there were only six high schools accredited 
to the University of California. At the present time the number is 
well in excess of 400. I believe that there is no high school of any 
size or importance which is not so accredited. In 1891, approxi- 
mately 4 per cent of the children from age 14 to 17, inclusive, that 
is to say, of the traditional high school years, were in school. This 
amounted to 1 in 25. In California at the present time approxi- 
mately 76 per cent of the children in this age group are in school. 
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Thus the high school has increased many times faster than the 
population. Brief reflection will indicate that its future possi- 
bility of increase will not greatly exceed that of the population. 

The great result of the increase in general education, in the 
minds of most people, was the extension of the training of the aver- 
age child both in variety of material and in number of years. The 
high school became the peoples’ school. All children were accepted 
and intended to be graduated—not just a selected few. The proc- 
ess is not yet arrested. The question now under discussion is ‘‘ Will 
the junior college follow the same course?’’ There are many who 
believe that it will. In support of their views they cite the follow- 
ing: (1) The growth of the public junior college in California, 
especially, since 1921 (for details, see Appendix A); (2) the es- 
tablished willingness of communities to pay large sums for the 
support of these institutions; (3) the increased average age for em- 
ployment, which is closing doors of employment to many high school 
graduates,,and (4) the demands upon youth of a civilization of 
steadily increasing complexity. 

For these reasons it is stated that we must expect the further 
extension of general education, going two years beyond the high 
school. In fact, as soon as the junior college has become an estab- 
lished institution in some communities, there has been a demand 
for the so-called complete or four-year college. Up to the present 
time, however, no such institution has been authorized in California. 
It is the general opinion of experienced educational investigators 
that the first two years of the old-fashioned college may be attached 
to the high school as an upward extension, but that it will prove 
equally logical and important to retain the upper years of the col- 
lege exclusively in the universities. In other words, the junior col- 
lege comprises the terminal years of secondary education. The 
junior and senior years of college are considered the beginning 
years of professional training and specialization. In the manner 
outlined, because of the general belief on the part of parents and 
taxpayers that education beyond the high school is justifiable in the 
community as a part of the general school system, the junior college 
has achieved its present rank. A few statistical items will serve 
to indicate that the movement is beyond the initial stages and that 
the junior college is an institution with which all established uni- 
versities and colleges must now reckon. In the judgment of the 
speaker, the present rate of increase in enrollments indicates that 
by no means has full size been reached and that the next few years 
will continue to call for readjustments within our entire higher 
educational system to care for articulation with this new institu- 
tion. Colleges of engineering which have long emphasized the unity 
of their four-year programs are already affected ; they are likely to 
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be much more affected in the not distant future. For one thing, 
they may expect a much higher percentage of intrants with advanced 
standing. 

Thus, the junior college may be regarded as an outgrowth of a 
religious faith, one may call it, in education for the masses. It 
amounts to an upward extension of the public school system, at 
least in prospect. The existence in the city of Los Angeles of a 
junior college which in a life of only three or four years has at- 
tained an enrollment of over 3,400, and that in spite of the pres- 
ence in the same city of two large universities and several colleges 
of fair size, would indicate that progress toward that end is already 
rapid. 

The American people do not like to consider themselves com- 
munistic or socialistic ; nevertheless, the support of public education 
is a support of this kind. All who have are taxed for the benefit 
of the children of the community. There is no relationship between 
one’s having children and one’s being taxed for schools. Of course, 
the same may be said of public health service. The clinic is oper- 
ated not on the basis of the taxes one pays but on his need for 
medical service. Public health measures of prevention also are not 
made to care simply for those who have means, more frequently they 
are for those who have not. In so far as the junior college is pro- 
vided at public expense, it is another expression of this political 
philosophy. 

Up to this point the junior college has been considered as the 
actual result of parental desire for opportunities to children, and 
of local pride and ambition. Slight reference has been made to the 
fact that specialization or the beginning of professional study fol- 
lows general education and that in some cases, notably in Germany, 
general education has. been the function of the secondary schools, 
and professional education the duty of the universities and of a 
few special schools. 

The second governing force in junior college development is the 
compulsion of getting a job. There has been so much emphasis in 
recent years on the Russian experiment, in which all the citizens 
are supposed to be workers, that one is inclined to overlook the 
fact that there is no leisure class in America. One or two genera- 
tions ago there were men of leisure. There were men in every com- 
munity who retired from business and professional life long before 
the age which we now consider appropriate for retiring, and who 
then devoted themselves to such pursuits as pleased them. Fre- 
quently they had good libraries and they read extensively. They 
were sometimes in demand as speakers. They were active in the 
benevolences of the community. They occasionally took part in 
polities, usually in an amateurish way. So far as can be learned, 
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this class has now disappeared from the country. One would sup- 




































wee pose from the behavior of Americans that feverish activity in a 
profession or job is the most important compulsion one feels. On 
fa every hand one encounters the belief that every man should be 
It fitted for a job, and every woman as well. We are acquainted with 
at . the growth of vocational education in high schools. We are aware 
if ‘ of the change in high school requirements for graduation so that, 
wre not merely those students who are to go on to college and there a) 
me secure professional training may graduate, but also those who have 
ees pursued vocational courses, fitting themselves for jobs, may receive 
ady diplomas. We are all aware of the difficulties that follow when a 
student with such training, from which subjects basic to the study 
aati of engineering have been omitted, decides at a later date to pursue 
ion engineering. To many it has seemed that the junior college is 
‘efit an ideal institution for providing two years of professional 
som training at an intermediate level for boys and girls who will 
te not normally undertake the professional courses of universities. 
ner It is probably safe to say that more than ninety per cent of 
ptt all students in high school, Junior college and university have 
bate vocational objectives. It is sometimes thought that the students in 
one colleges of liberal arts are studying the subjects in which they 
an “‘major’’ exclusively for the sake of culture. That they receive 
we cultural benefits goes without saying, but it is significant that the 
fields of English, history and the languages, which are so prom- 
the inent in the liberal arts colleges, are the very fields in which the 
mere largest surplus of unemployed teachers may now be found. A Te- 
the port from the State Department of Edueation of California, which 
fol- has recently reached my desk, indicates that on November first 
ny, last, the number of unplaced candidates, according to the placement 
alt agencies of California teacher training institutions, was 2,514. The 
fa largest numbers of such teachers were as follows: English. 246; 
History, 215; Foreign Language, 238. Science, which includes 
the agriculture and fourteen other subjects, numbers only 157. Social 
5 ie sciences as a group include 365. It is apparent to those who ques- 
wer tion students and who observe activities of graduates that all insti- 
the tutions of learning and all colleges in them are to some extent pro- 
aor fessional colleges. 
a, It is evident that the educational system of America as it is now 
wert developing will provide vocational or professional training for 
es students at all levels. Students who complete their training in the 
“thi high school may there receive the special instruction which will per- 
hey mit them to take jobs upon graduation. The same is, or will be, 
true of the junior college student and of the college student. in 
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pa the past we have thought of the term ‘‘profession’’ somewhat nar- 

ail rowly so that to the average discussor it has meant a calling re- 
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quiring a number of years of university training. For the pur- 
poses of this discussion the term used should perhaps be ¢‘voca- 
tion’’ so as to include types of jobs which may be entered at any 
level. It seems likely that colleges of liberal arts will recognize in 
increasing degree their obligations for professional training and 
will therefore come to resemble professional colleges and schools 
like those of law, medicine, agriculture and engineering. 

One point is especially significant with reference to the junior 
college ; if the American people experience prosperity, then parents 
ean afford to send their children to school longer than they other- 
wise could. It is the opinion of a recent State Superintendent of 
Public Instruction of California that a large percentage of stu- 
dents attending junior colleges during recent years have been sent 
by their parents because it seemed wise to defer the time at which 
they should go to work. Doubtless, it was also desired to have them 
equipped more adequately for the complexities of modern life. 
In time of depression, unemployment makes it difficult to obtain 
positions for boys and girls of eighteen and nineteen. It is then 
profitable for them to continue in school in order to spend their 
time to advantage and also to become better equipped to secure 
employment in competition with others. It therefore seems likely 
that whether times are good or bad, vocational training in high 
schools is likely to be less significant in the future than vocational 
training in junior colleges. Experience of older civilizations sup- 
ports this point. The apprentice period in European countries some- 
times carries one up to age thirty before permanent employment 
is found. Of course this is more characteristic of the professions 
than of the vocations. There are, however, many people who point 
to the rising minimum age of employment and believe that specific 
vocational training in the high schools is likely to become in large 
measure a thing of the past. Professor Davis will speak presently 
in greater detail concerning the manner of developing useful voca- 
tional or semi-professional training in the junior college. 

To review briefly, there are two influences of major importance 
encouraging the development of the junior college. The first is the 
belief of the people that general education is a good thing, espe- 
cially for their own children, and that an upward extension of gen- 
eral education to include the junior college is justifiable. The re- 
sulting development has made greater progress in some parts of 
the country than in others. It is too early to appraise the effect of 
the world-wide depression on this belief, but it is probable that the 
faith of the people in education will continue. The second influence, 
that is to say, the necessity of preparing for a job, taken in con- 
junction with the rising age of initial employment, is forcing gen- 
eral vocational or semi-professional education above the high school 
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level. This is resulting in the belief that vocational education should 
be based upon broader general training than in the past. In conse- 
quence, there is a disposition to postpone specialized vocational train- 
ing to the junior college period. One of the chief reasons for this be- 
lief lies in the fact that many jobs are less stable than they used to be. 
About three years ago the General Electric Company closed its 
foundries at Erie in which there had been employed at one time 
seven thousand men. The close was not due to the depression but 
to the fact that modern methods of assembling machines made the 
foundry largely obsolete. Doutless many of the workers employed 
were skilled men at their jobs. Since the closing of the foundry 
was not an isolated instance but was typical, the men concerned 
were in most cases obliged to seek a different type of job. Ability 
to make such changes calls for a broader basic training than is neces- 
sary if one may continue the same job throughout life. This has 
seemed so clear to the head of the largest junior college in California 
(an institution in which semi-professional training is the major 
purpose), that he expresses it in this form: ‘‘The student should 
be trained so that his general background is sufficient to permit him 
to readjust himself in industry. The training should be sufficiently 
specific to provide what may be called a ‘snapper’ with which he 
may take hold of the first job.’’ Thus the two important influences 
are in large measure working toward the same end. 

Another division of education closely associated with the junior 
college and to which brief reference should be made is adult educa- 
tion. Charles Allen Prosser of the Dunwoody Institute says: 
‘Roughly about seven million American citizens are seeking during 
the current year to improve themselves through some form of edu- 
eation, of training. That, in itself, is a staggering fact to those who 
have never thought about the great numbers of mature people who 
are in one way or another taking organized instruction—a great 
part of which is vocational in its purpose.’’ We have grown ac- 
eustomed to the evening high school and its service to adults. It is 
surprising to learn now that one junior college in California, dur- 
ing the year 1930-31, had over four thousand adults enrolled in 
short courses. This institution, moreover, was located in a relatively 
small city, one of not more than forty thousand inhabitants. With 
the increasing age level of employment and with the increasing de- 
mands for flexibility and adjustibility, it is likely that the demand 
for adult education will grow rapidly. Moreover, one of the most 
serious problems encountered throughout public education—that of 
financial support—can probably be more easily met in adult educa- 
tion than elsewhere. Examination of courses given under a number 
of agencies indicates that the cost is not beyond a reasonable tuition 
fee. Since adults have already reached the earning period, and 
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since those who take the work are the ones who profit by it, it would 
seem entirely reasonable to charge tuition fees for adult education 
sufficient to cover the cost. This practice is already in effect in cer- 
tain localities in California. In a large university with which I am 
acquainted, the extension division deals with many thousands of 
adults, charging a fee of from forty to fifty cents per hour for in- 
struction. This division receives support at the rate of $80,000 per 
year on which it conducts a business of approximately a half million 
dollars per year. Thus an increase in the fees of only twenty-five 
per cent would make the work self-supporting. This is an important 
factor in view of economic demands for other levels of education— 
demands which promise not to diminish with time. The question 
of adult education is mentioned at this point because it has a nat- 
ural place in the junior college. It usually results in more efficient 
use of the plant. In addition, the presence of the junior college 
furnishes an educational administration for such work in a com- 
munity. As is often the case, those who are in need of such in- 
struction also need leadership and organization in order to se- 
eure it. 

For the benefit of those who desire to know some of the more 
interesting facts concerning the development of junior colleges in 
California, the numbers enrolled in these institutions, the means of 
support and the costs of operation, a table has been prepared which 
is attached as Appendix A. It may be explained briefly that the or- 
ganization of the institution depends upon local initiative and re- 
quires an election within the district affected. The control is then 
vested in the ‘‘junior college board,’’ which may also be a high 
school board. The support comes from state funds and local taxa- 
tion. This is the same system that is used in California for the sup- 
port of high schools and elementary schools. The percentage of state 
support increases with the grade of the school. Elementary schools 
have a small percentage of the cost supplied from state funds; 
high schools a larger percentage: junior colleges, still larger. 

To most of you the preceding discussion will seem either to 
present a remote contingency or a vexatious problem. But colleges 
of engineering in the vicinity of junior colleges are obliged at the 
present time to take account of training in those institutions. If, 
for example, the College of Engineering of the University of Cali- 
fornia inserts a new laboratory course into the first or second year 
of the engineering curriculum, it is almost certain that within three 
vears every junior college in the state will insert the same course 
and will attempt to provide the necessary laboratory equipment: 
On this account the freedom of action of the higher institution in 
dealing with the first two years of work is affected. Very interest- 
ing results often follow logical changes. One may find one of his 
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recent engineering graduates attempting to give instruction in a 
junior college simultaneously in plane surveying, engineering 
mechanics, machine design, aeronautics, ete. 

The junior college will desire to keep boys as well as girls in 
attendance. It is necessary to have football and other athletic 
teams. Therefore, students who might otherwise come to the uni- 
versity as freshmen or sophomores, come as juniors. In the fall of 
1931, new engineering intrants at the University of California 
(Berkeley departments) numbered 271; the number of new stu- 
dents entering with junior standing was 85, of whom 64 came from 
junior colleges. The problems of adjustment of these students can 
readily be surmised. In the University of California as a whole, 
for the year 1931-32, there were approximately 1,000 students 
entering with advanced standing from junior colleges. At present, 
the numbers for each year show a material increase over the pre- 
ceding year. Problems of readjustment are certainly before us in 
California and they are probably imminent in many other parts of 
the country. 

A sage of other days remarked that nothing is permanent but 
change. It is apparent that in this field as in many others we shall 
gain stability for the future only as Professor Kilpatrick of Colum- 
bia University suggests. He believes that we must seek dynamic, 
and not static equilibrium ; the equilibrium of the bicycle, which is 
lost if progress ceases, rather than the equilibrium of the arm chair. 


APPENDIX A 
STATISTICAL ADDENDA 


District Junior Colleges 


Note: By district junior college is meant a junior college organized and 
controlled by a political subdivision of the State, called a junior college dis- 
trict, which has been set up for that special purpose. 









































Expenditures per 

Avernge State Enrollment Pupil in Average 

District Junior College Pe. i Daily Attendance 
Male Female Total 1929-30 1930-31 
ING fs Sen Si wah 520 1,340 1,538 2,878 485.00 488.20 
CN 4 se. 528 418 197 615 194.00 254.09 
Fullerton........... 408 266 254 520 354.43 402.30 
WIIG 5s s ccc ss os 583 414 350 764 | 374.10 | 297.40 
Long Beach......... 1,010 854 634 1,488 242.75 255.97 
EY io. sree «0-4-6 367 349 304 653 | 473.50 | 395.11 
BO 5:55. tee he es 657 782 646 | 1,428 | 276.54 | 222.10 
PaeeGgeme: ..: . 6... 1,547 883 888 1,771 248.38 210.24 
OS a er re 381 479 260 739 | 388.39 | 392.14 
Sacramento......... 1,415 1,062 1,302 2,364 228.46 199.49 
San Bernardino...... 497 2,095 | 2,656 | 4,751 400.65 316.37 
BUN. oo ios tee 626 515 287 802 184.33 184.60 
San Mateo.......... 698 561 647 1,208 247.34 271.64 
Seats Ane; . . 20s... 537 371 413 784 352.98 292.93 
Semte Toes. ........ 266 179 119 298 222.40 403.19 
Yuba County....... 152 110 87 197 419.02 400.40 























(Above statistics excerpted from State of California Department of 


Edueation Bulletin, No. 1, January 1, 1932.) 


Departmental Junior Colleges 


Note: By departmental junior college is meant the thirteenth and four- 
teenth years of secondary school work as offered by a department included 


in a publie four-year high school. 














State Enrollment 
Average 
High School District and Junior College Daily 
Attendance Male Female Total 

Antelope Valley Joint Union............. 22 10 20 30 
Brawley Union . a Sai tidag cc alate 33 
Central Union: 

ee RR ee ee ee 108 81 42 123 

EDS os oa See wh uu UUs kewepee d 7 2 6 8 
Citrus Union...... 105 71 56 127 
Fresno: 

RCE i ae eg ae ree 269 252 105 357 

MI I «s,s cg oc wee aoe sar 48 23 126 149 
Mave Comty Union. 2. . oc. ccc cece 276 190 166 356 
| SES Re parte: pee a ee 30 10 31 41 
MN Yo os ic eon ts. e e's nibs wins 2,699" 1,484 | 1,201 | 2,685 
le SEIT ie ier al ee ge ae 123 93 73 166 
UI EPI 5c os a's oo 0ccecces eoseon 100 71 49 120 
Resdiey Joint Union... ..... 2... 2c cee ee 62 34 37 71 
I See SC et, os ope le 64 50 61 111 
San Benito County... . oe) Sani atiok veld 116 113 94 207 
I, IN lk iar's obo veyera 100 58 79 137 
Noa te re a cca ail 350 228 150 378 
os acco ly GALE 4s bea meee 153 114 113 227 
PEI £5 65.6 c Be oe cs Cees cos ceees 
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(Above statistics excerpted from State of California Department of 
Education Bulletin, No. 1, January 1, 1932.) 


STANDARDS REQUIRED AND STaTe Support PRovipeD 


“The first junior college law in California was passed in 1907. This 
law permitted a high school to offer postgraduate courses. It set up no 
standards. Ten years later this law was repealed; and another law was 
passed which required the district to have a minimum assessed valuation of 
$3,000,000 before it might offer such courses. The law of 1921 raised this 
minimum to $10,000,000. It also required a high school A. D. A. of four 
hundred in the proposed district, as well as the approval of the State De- 
partment of Education, and of a district election. In 1929 these standards 
were raised again, and the proposed district was required to have an 
assessed valuation of $25,000,000, and a high school A. D. A. of one thou- 
sand. 

“The junior college fund, established in 1921 from revenue received 
from the Federal government, has proved insufficient to provide the ap- 
portionments stipulated by the 1921 law. The junior colleges of the State 
now face a shortage of about $400,000 in their 1932-33 State apportion- 
ments. 

“In view of all these facts, the legislature of 1931 repealed much 
previous junior college legislation. The present law sets up only one 
standard, but states that the State Board of Education shall draw up a list 
of requirements for the establishment of junior colleges. The State Super- 
intendent of Public Instruction shall then conduct or have conducted a 
survey of the proposed district, and shall recommend action to the State 
Board of Education on the basis of this survey. After receiving approval 
from the State Board, the district may then conduct the required election.” 

(Quoted from Joyal: “Junior Colleges in California,” Univ. Calif. 
Publ. Educ., Vol. 6, pp. vii -+- 359-453. ) 

Note: In addition to state support, the district may levy a district tax 
not in excess of twenty cents on each one hundred dollars of the estimated 
true wealth of the taxable property of the district. The taxes so levied 
vary. 


Minimum STANDARDS RECOMMENDED FOR A District JUNIOR COLLEGE 


“The basic minimum standards for the establishment and maintenance 
of a district junior college are: 


A. An area with a maximum radius from the proposed junior college of 
twenty miles. 

B. A minimum high school A. D. A., within the proposed district, of 1250. 

C. A minimum of 200 junior college A. D. A. is necessary to provide 
enough students to furnish registrants for the absolute minimum 
number of courses offered as a curriculum in a California junior col- 
lege. No institution, however, can be expected to confine its offer- 
ing to such a small number of courses. If the offering of the small- 
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est district junior college in California be used as a criteria there 
should be enrolled a minimum of at least 333 students. 

D. A minimum of eight full-time teachers, exclusive of administrative or 
supervisory officers. 

E. A minimum offering of 120 periods of work per week, in no less than 
20 courses per semester. 

F. Sufficient assessed wealth in the district to raise $15,900 per year for 
current expenditures, within legal tax limits. 


“Tn conclusion, it may be stated that assessed valuation and tax rates 
are not to be considered as the final determinants for establishing a junior 
college district. Educational factors are quite as important, if not more so. 
Local patrons of a junior college may decide that a junior college should 
be maintained irrespective of what it will cost, but as indicated in this 
study, unless student groups of certain sizes are provided, it is doubtful 
whether the desirable educational objectives can be achieved in the several 
courses. In the light of this fact, a potential minimum number of students 
should be available within each new junior college district established in 
California.” 

(Quoted from Joyal: “Junior Colleges in California,” Univ. Calif. 
Publ. Educ., Vol. 6, No. 6, pp. vii -+- 359-453. ) 
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FUNCTION OF THE JUNIOR COLLEGE IN ENGINEERING 
EDUCATION * 


By RAYMOND E. DAVIS 


Professor of Civil Engineering, University of California 


The opportunities for occupation in the fields of engineering 
may be divided into two general classes: first, those which are 
strictly professional in character, and second, those which are more 
or less closely related to the professional but are on a level inter- 
mediate between the professions and the trades. 

In the first class are the opportunities in what may be regarded 
as the higher rounds of the engineering ladder. Those who are 
employed in these occupations are spoken of as professional engi- 
neers. 

In the second class come not only the occupations in what may 
be spoken of as the lower rounds of the engineering ladder but 
more particularly those occupations, so frequent in industry, where 
there is necessity of a general knowledge of the practise of engineer- 
ing coupled with an intimate knowledge of particular industrial 
processes. Those who are employed in these occupations are the 
draftsmen, technical assistants, inspectors, foremen, superintend- 
ents and plant managers. 

To serve the educational needs of those who are fitting them- 
selves for professions in the first class, there are the traditional pro- 
fessional engineering colleges in which training normally leads to 
the bachelor’s degree in four years. We are all familiar with this 
type of institution, with its more or less closely defined curricula 
in civil, electrical, mechanical and mining engineering, where par- 
ticular stress during the first two years is laid upon a thorough 
grounding in mathematics and natural science and where during 
the last two years, based upon this groundwork, there is developed 
the professional foundation. 

To provide training for those who will enter occupations in what 
may be called the semi-professional fields or those intermediate be- 
tween the trades and the professions, there are the schools of the 
technical-institute type, most of which are essentially private in 
character, with curricula designed to give the student a relatively 
meager knowledge of mathematics and natural science but designed 

* Presented at the 40th annual meeting, S. P. E. E., Corvallis, Ore., June 
29-July 1, 1932. 
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to provide in a relatively short period, training of intensely practical 
nature so that at the expiration of the training period the man with- 
out further experience may take a definite place in industry. 

In considering candidates for admission to schools of the tech- 
nical institute type, generally speaking, comparatively little atten- 
tion is given to the quality of the student’s preceding educational 
record so that normally any person who is a high-school graduate 
may enroll, and often entrance with less than high school gradua- 
tion is permissible. The curricula vary greatly between institutions, 
depending upon the industrial needs which the institution is de- 
signed to meet. The period of training is comparatively short, 
generally not more than two years in length, and usually no degree 
of any sort is awarded at the time of graduation. 

During the past few years, there has sprung into existence the 
Junior College as an institution on the post-secondary level, offer- 
ing education for a two-year period beyond the high school. Asa 
private institution, the Junior College has been almost entirely con- 
cerned in preparing students for the last two years of standard four- 
year colleges and universities. In other words, the courses which 
they offer are almost entirely of the academic or pre-professional 
type. 

In our western states, particularly in the state of California, 
there has been developed the two-year public Junior College as an 
institution with two principal functions. The first of these fune- 
tions (the preparatory) is to provide education such as is offered 
by our four-year liberal arts colleges during the first two years. The 
second (the terminal) is to train young men and women to become 
economically independent, through fitting them for places in the in- 
dustrial world. In California alone there are some thirty junior 
colleges of this type, in which the total enrollment during the aca- 
demic year just brought to a close was more than 20,000. 

I should like to speak of the efforts that are being made by some 
of our Junior Colleges of the West to fulfill these funetions in the 
field of engineering education, but I should first like to bring to 
your attention the need in our public school system for more com- 
plete engineering educational facilities in the semi-professional 
fields. 

The recent investigation carried out under the auspices of the 
Society if nothing else, has served to emphasize the grave deficiencies 
in American education by ealling attention to the opportunities 
which exist in the various branches of industry for those who are 
technically trained, and at the same time has shown how few in 
number are the public institutions which offer adequate training on 
a semi-professional level in the engineering and technical fields. 

From my own experience, coming into contact with a consider- 
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able number of industries, I have long felt it as a serious indict- 
ment of our system of American education that so little attention 
should be given to this type of training. Except in the field of agri- 
culture, which is served to some extent by two-year schools, taking 
the country as a whole, adequate semi-professional training, par- 
ticularly in the engineering field, is provided almost entirely either 
by schools conducted by the industries themselves or by technical 
institutes run for private gain. There are, of course, a few notable 
exceptions to this statement, with which exceptions we are all 
familiar. 

In other words, our system of public education has given all 
attention to the extremes; on the one hand are the vocational schools 
providing for the trades, on the other hand are the universities and 
other degree-granting institutions, offering only the extended ecur- 
ricula in the professional fields. If those who guide the destinies of 
education in this country are to do their part, this deficiency must 
be remedied, and in no field is there greater need for comprehensive 
development in this direction than in the field of engineering edu- 
cation. The country as a whole must no longer be indifferent to 
the advantages which would accrue through a system of public edu- 
cation which would provide adequate engineering and technical 
training for that large number going out into industry, for this has 
come to be an industrial nation and upon adequate training in 
these fields, perhaps more than upon anything else, the future mate- 
rial prosperity of this nation depends. 

It is a tribute to the early advocates of the Junior College in 
the state of California that they very clearly had in mind a type of 
training designed to meet the needs of that great mass of young men 
and women of the middle group between the trades and the profes- 
sions, preparing them to take their places in the industrial and so- 
cial scheme and fitting them to achieve economic independence. At 
the same time, the preparatory function of the Junior College was 
not overlooked. 

Speaking as one who has observed with interest the develop- 
ment of the Junior College in the State of California over a con- 
siderable period of time, especially as this development has been 
related to engineering education, it is my conclusion that the out- 
standing achievement has been in the semi-professional field and 
that the Junior College may perform a great service to engineering 
education by providing adequate training facilities on this level. 

So far as the four-year curriculum in engineering is concerned, 
it is believed that in general the student, if he is qualified for ad- 
mission at the time of high school. graduation, should spend the 
entire period in the engineering college from which he expects to 
receive a degree. From studies of a considerable number of cases 
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of those who have transferred from Junior Colleges to engineering 
colleges after one or more years spent in the former institutions, it 
appears that the sooner the engineering student becomes enrolled 
in the engineering college of his choice, the better. This is also the 
sentiment as expressed by the testimony of the great majority of 
the student transfers themselves. 

There are several reasons why the fully qualified engineering 
student normally should not attempt to pursue the engineering eur- 
riculum of the first two years in a Junior College. The courses 
offered in many of the Junior Colleges, especially the smaller ones, 
are taught by instructors with little or none of the background of 
engineering experience. The students do not have the opportunity 
to come in contact with more advanced students and with engi- 
neers engaged in professional practice. They do not have the oppor. 
tunity of visiting engineering laboratories. There is nothing about 
the smaller Junior College of engineering flavor. The student ac- 
quires no professional consciousness. Often the student is ill ad- 
vised, and frequently the offerings of the Junior College are inade- 
quate. The result of this is that when, after spending say two years 
in a Junior College, the student enters the third year of an engineer- 
ing college, the readjustments are so numerous that in a large num- 
ber of cases a fifth year is consumed in his engineering training 
before he is able to graduate. 

In striking contrast are the efforts being made by a considerable 
number of Junior Colleges, particularly the larger ones, to pro- 
vide training in the semi-professional fields related to engineering. 
At the present time, in California not less than ten are offering cur- 
ricula of this type. I should like to speak in particular of Los 
Angeles Junior College, an institution only three years old, in 
which the total enrollment for the academic year just brought to 
a close was 3,400. Of this number probably 80 per cent at the time 
of high school graduation were ineligible for admission to the Uni- 
versity of California, and it is fair to assume that approximately 
this number are of the type to benefit most by training on the semi- 
professional rather than upon the professional level. 

Los Angeles Junior College offers sixteen complete curricula in 
this field. Dr. William H. Snyder, Director of the Los Angeles 
Junior College states: 

‘‘The Los Angeles Junior College is endeavoring especially to 
meet the needs of this semi-professional group. We are convinced, 
however, that the semi-professional curricula should not in any way 
become similar to those of the trade or vocational schools. If the 
Junior Colleges are to maintain themselves as collegiate institutions, 
they must develop in their students an orientation to the social, 
economic, and spiritual life of the age. This has always been the 
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prime function of a college education and has been attained by the 
study of the liberal arts. Therefore, these semi-professional cur- 
ricula must contain such subjects. Because of limits of time, the 
academic studies offered in the Junior College must be more ex- 
ploratory and less intensive than those of the four-year college. 
This, however, is not as a rule a disadvantage to the semi-profes- 
sional students, because they are usually not academically-minded 
and are more interested and inspired by bird’s-eye than by detailed 
views. Those who desire detailed work should unquestionably ar- 
range to pursue the curricula of the universities and four-year col- 
leges. 

‘‘TIn order to help in economical adjustment, the Junior College 
must also aid in the attainment of some skill which will enable the 
graduate to enter productive employment.’’ 

The engineering or technical curricula offered by this Junior 
College cover the fields of chemistry, electricity, mechanics, aero- 
nauties, radio and construction. Describing the curriculum in radio 
and sound technology, Mr. G. D. M. Kennedy of the Los Angeles 
Junior College says, ‘‘Inasmuch as none of the four-year colleges 
offers a complete course in radio and sound, here is a curriculum 
that should prove interesting to high-school graduates. The first 
year of this two-year college course is identical with the first year 
of the electrical course so that the student may follow either radio 
and sound or eleetricity in the second year. 

‘‘The purpose of the radio and sound course is two-fold, namely : 
(1) To develop a background of mathematics, physics, and radio, 
so that the man already in the radio field will be able to keep abreast 
of new developments and improve his position, (2) to train serious- 
minded men who have not had experience in radio so that they 
will be able to compete successfully. 

‘‘This course is designed to furnish a well-rounded education 
that will be complete in two years. There are courses in mathe- 
matics and physies, both of which are vitally necessary to successful 
radio engineering. There is much work in the field of radio. There 
are courses in psychology and salesmanship to enable the men to 
meet and understand the public. There are courses in history, 
English, economies, ete., to develop the student’s educational and 
cultural background. 

**In other words, the course in radio and sound will (1) de- 
velop some trade skill such as servicing, testing, and repairing of 
radios and public address systems, and at the same time build up 
a technical foundation so that one may advance himself in life, (2) 
enable one to meet people and sell personal services or merchandise, 
and (3) allow one to acquire a cultural background in order to talk 
and act intelligently.’’ 
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Speaking of laboratory facilities, he says: 

‘*The laboratories are adequately equipped so that students may 
become familiar with all the fields of radio work. 

‘‘There are several different public-address systems, portable and 
fixed in place, which are run by students in the courses. One is 
located in the auditorium, another is used on the football field, and 
still another is used for portable work at dances, meetings, ete. 
Here is a first-class chance to learn public address work. 

‘‘Two low-power modulated oscillator power amplifier crystal 
controlled transmitters are located in the laboratory. They are 
equipped to broadcast either voice or signals. There are teleplex 
code practice sets so that the men may learn short wave broad- 
casting. 

‘‘In the practice booth there is a Simplex machine with sound- 
on-film attachment so that this phase of the radio field may be 
studied under actual operating conditions. 

‘*General Radio test instruments are used for determining the 
sensitivity, selectivity, ete., of ratio receivers. There are six Weston 
receiver test kits for work on the repairing of radios. 

‘‘There is also much equipment for work with high-class ampli- 
fiers, photo-electric cells, relay, ete. In fact, there is an oppor- 
tunity to learn practically any branch of radio work. 

‘‘ After completing the radio and sound course, a man should be 
able to go to work immediately as a radio service man, ship wireless 
operator, public address operator, factory test man, ete. The most 
important item, however, is that he will have enough educational 
and cultural background to progress and work into a good position. 

‘‘The first course in the radio sequence is radio-physics, and it 
is an elementary course consisting of a short review of the prin- 
ciples of electricity, a study of various types of vacuum tubes, and 
the description of simple radio receivers. In the laboratory, work 
is taken up along the line of class discussion, and ineludes construe- 
tion of the simpler type of radio test instruments and one-tube 
vacuum tube circuits, along with other fundamental experiments. 

‘‘The course in sound deals principally with the acoustics of 
auditoriums, broadcast studios, and the home. Practical applica- 
tions of acoustical principles are studied, including the calculation 
of reverberation time, the correction of rooms, and the compensa- 
tion for acoustical difficulties by means of electrical amplification 
such as public address systems and theatre amplifiers. 

‘* Another course in radio-physics continues with the study of 
the various methods of radio-frequency and audio-frequency ampli- 
fication, and includes the study of commercial circuits. The overall 

fidelity of various receivers is tested as well as their sensitivity and 
selectivity. Tests are run on various audio-amplifiers and their re- 
sponse to the audio frequencies is graphed. 
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‘‘Another course takes up the principles of different types of 
transmitting by voice or signal, on the short, broadcast, and long- 
wave bands. In this course there is a chance to learn the code and 
to operate the short-wave transmitters on 20, 40 and 80 meters. 

‘‘The final course in the radio sequence deals with the commer- 
cial applications of Radio. There is a complete study of public 
address systems including operation. The manner of recording 
talking pictures and the method by which the sound is taken from 
the film is studied by means of the talking picture machine in the 
auditorium. 

‘*Records are cut, and the attendant difficulty explained. The 
use of the photo-electrie cell in conjunction with relays for oper- 
ating bells and signals, ete., and the type of amplifiers necessary to 
follow these cells is thoroughly gone into. The progress of tele- 
vision and its possibilities for commercial applications is another 
angle which is discussed.’’ 

Pasadena Junior College, with a smaller enrollment, likewise 
offers extensive curricula in the semi-professional levels of engi- 
neering. In its announcement of technical offerings, appear the 
following statements: 

‘*Broadly speaking, in the field of technical education, it is gen- 
erally recognized that two sorts of curricula may be given. These 
divisions may be made strictly on the basis of the position in in- 
dustry for which the student is preparing. 

‘Tf he wishes ultimately to work at the professional engineering 
level, in most cases a four or five-year engineering course beyond 
the 12th year is the minimum requirement. On the other hand, 
he may prefer to enter industry at more strictly the production 
level. In this case he may prepare himself in about two years by 
the study of intensive technical courses definitely designed to lead 
to employment at a level next to the professional level. 

‘‘The difference in the periods of training for these two types 
of technical work is from two to three years. The average earning 
power of the average graduates from the superior schools of both 
sorts of curricula is practically the same over at least the first twelve 
to fifteen years. The needs in industry for the graduate engineer 
compared with the two-year technical graduate are about one to 
three. These facts are causing an increasing number of technically 
minded students to take advantage of a two or three-year earlier 
start into a productive position on the technical level. 

‘In addition to the difference in the length-of-training period, 
there is a difference in the nature of the courses composing the 
engineering and technical curricula. The former prepare the stu- 
dent for further engineering courses in the university. The latter 
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courses are intensive and are closely correlated with each other 
and with the definite needs on the productive side of industry. 

‘‘The technical courses at Pasadena Junior College are on the 
two-year technical level and are divided into five curricula. These 
are mechanical technology in the field of mechanical engineering, 
aviation, electrical technology in the field of electrical engineering, 
civil technology in the field of civil engineering, and building 
practice and design. The definite aim of each curriculum is to 
prepare the student at the end of the fourteenth year to enter the 
world of industry and business with technical training and a 
developed sense of responsibility and self-reliance which will help 
him on to a successful career. .. . 

‘‘Building practice and design is an important field which is 
often overlooked by a student because a curriculum designed to 
prepare along these lines is often insufficiently emphasized. The 
student who wishes to prepare to enter the building profession, 
to become a contractor and designer of homes, store buildings, 
ete., and in general to enter with technical preparation, an industry 
which today has all too few properly trained men, will find this 
curriculum of great value. 

‘‘It should be kept in mind that these curricula in no way 
claim to prepare one to be an engineer. Neither do most of the 
thirteenth and fourteenth-year courses have any transfer value 
if the student later decides to enter a four-year engineering course. 
In order in two years to prepare the student for entrance into 
productive positions, the various courses must be made up of the 
essentials which correlate with industrial needs at the technology 
level. The educator or other non-undergraduate reader should 
note that success of the graduate in industry rather than approval 
of the university must be the criterion of the content, status, and 
success of these courses.”’ 

These curricula offerings of Los Angeles and Pasadena Junior 
Colleges are excellent examples of a very definite movement which 
is under way among the larger junior colleges in the state of Cali- 
fornia to provide technical training on the semi-professional level. 
In the cases just mentioned, the work is meeting with marked 
success and the facilities are excellent. The teaching personnel 
has been chosen with special reference to the experience in engi- 
neering and industrial fields; yet the development of semi-pro- 
fessional courses has been attended by many difficulties, and in 
not a few instances attempted developments in this direction have 
met with failure. 

During the years that have marked the junior college develop- 
ment in the state of California, no one has ever denied the im- 
portance of providing semi-professional training; yet in spite of 
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the remarkable growth of the junior college in number of insti- 
tutions and in student enrollment, in spite of the twenty-odd 
years that have elapsed since the junior college plan was organized, 
many of these public institutions, for a number of reasons, have 
continued to imitate very closely the freshman and sophomore 
years of four-year degree-granting institutions. They have re- 
mained fitting or preparatory schools for the upper divisions of 
universities, and that function of providing technical training for 
students whose aptitudes were of an order different from those 
required in the trades on the one hand and the professions on the 
other, has been very largely neglected. 

Any student who is a graduate of a California high school is 
eligible for admission to any junior college in the state. While 
exact figures are not available, it appears probable that not more 
than a quarter of those who are enrolled in the junior colleges of 
the state would at the time of their high-school graduation have 
been eligible for admission to the University of California or com- 
parable four-year institutions, and it is probable that even now 
at least two-thirds of those enrolled are pursuing the conventional 
courses of academic or pre-professional type. 

So while the dual function of the junior college has been recog- 
nized by educators in this field, yet the development of semi- 
professional curricula has been slow for many reasons. Thus, it 
has been easier to teach the subjects in the traditional manner of 
the four-year academic college. It has been simple and relatively 
inexpensive to duplicate the first two years of academic curricula 
leading to a degree. Instructors with experience in the teaching 
of academic courses have been available, and suitable textbooks 
for these courses have been obtainable. 

Again, there has been the problem of public opinion. The 
fathers and mothers have desired that their boys and girls go to 
the university, this representing the highest type of education. 
They have wished their offspring to secure the formal education 
that they themselves lacked. Higher education has been exceed- 
ingly popular. The teachers in the high schools have embued 
their pupils with the idea that to be a success one must achieve an 
academic degree. 

Few have sought to show that the semi-professional occupations 
of industry are often quite as remunerative as are those in the 
strictly professional fields. Few have sought to emphasize that a 
man may be quite as well educated, only in a different direction, 
by attending a non-degree-granting institution. What those inter- 
ested in education of this type need to do now is to change public 
opinion, taking every possible opportunity to enlighten.the people, 
old and young, first that to-day the number of opportunities in 
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the semi-professional or technical fields is far greater than in the 
strictly professional fields; second, that there are positions of just 
as great importance and responsibility in the semi-professional as 
in the professional fields; and third, that it is no reflection upon 
the intelligence of a boy if he takes semi-professional work in a 
junior college or similar institution. 

It is apparent that the standards should be just as high in 
semi-professional courses as in academic courses, only they should 
be of a different pattern or type. 

The parental attitude towards education which should be en- 
couraged is that it is an honor for any boy or girl to be engaged 
in work for which they have real aptitude, but that a square peg 
in a round hole is a tragedy. To my mind it is not only a waste 
of time but in many cases positively detrimental to the future 
success of a student who is not academically minded to attempt 
to force him through the four-year college leading to a degree. 

With all the good that has been accomplished by our universi- 
ties through higher education, I am convinced that not a little 
harm has been done to those who have attempted to pursue their 
education in the university but who have failed. I believe that 
many such young men who have thus been dropped from our 
engineering colleges have left with the feeling that they were 
failures. A stigma has been attached to them because they could 
not achieve success as measured by the university yard-stick. It 
might have been a different story had these same young men been 
enrolled in technical courses of the semi-professional type. 

I know of students in my own classes who have passed through 
periods of discouragement and bitter disappointment, and yet later 
have achieved success of a high order in fields related to engineer- 
ing, but not on the professional level. 

Perhaps the most serious problem which faces the junior college 
in this movement towards the development of semi-professional 
curricula is that of the teacher. So long as the educational back- 
ground is of academic character, the semi-professional course 
which he offers will not meet with suecess. What we need to 
recognize is that a fairly extended period of practical experience 
in the field in which the teacher is to offer instruction is a most 
important qualification. 

It certainly is folly to expect that a teacher giving a course in 
building construction, for example, will be able to present the 
course in a way which will mean anything to his students unless 
he has actually been on the job, has operated a concrete mixer with 
his own hands, has built forms, laid reinforcement and the like. 
And this is an experience which cannot be obtained at any uni- 


versity. 
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Again, merely because a man possesses a university degree in 
chemistry, even though as a student he might have had a brilliant 
record in research, is no indication that his training would be 
suitable for some of the semi-professional occupations in the oil 
industry ; nor does a degree in Letters and Science with a major 
in mathematics insure success as a teacher of surveying. 

We should understand that the semi-professional occupation, 
as related to engineering, deals largely with the practice of an art 
as it is related to one or more branches of science. In conduct of 
semi-professional courses, while scientific theory cannot be neg- 
lected, yet it is the knowledge of the practical phases of technical 
work in which we are primarily interested. Therefore it appears 
that the teachers of semi-professional courses must be recruited 
from the industries. However, I believe that such teachers should 
have a university degree in a field allied with that of the teaching 
work; for example, a teacher. of building construction ought to 
be one who is a graduate in structural engineering, but experience 
in the design of long-span bridges would hardly qualify him as a 
teacher in this field; rather, he should have had experience as an 
inspector, as a draftsman and as a construction foreman. It is 
this practical flavor which must be given to all engineering courses 
in the semi-professional field if they are to be successful. 

In closing, I wish to express the view that for the mature stu- 
dent who is clearly of professional engineering caliber, the junior 
college is not the institution to which he should go following 
high-school graduation, but he should enter immediately the engi- 
neering college of his choice; for, after all, the primary function 
of the junior college in engineering education should be to provide 
training on the semi-professional level. 














JUNIOR COLLEGE STUDENTS AFTER TRANSFER 


By F. W. SHOCKLEY 


Director, University Extension Division, University of Pittsburgh 


The suecess of students during their junior and senior years 
after transfer from a junior college situation depends in a large 
measure on the ability of the group and the type of training they 
have received in the junior college. In other words, the factors of 
student selection and the quality of instruction in the junior college 
will largely determine their future success in their engineering 
training. 

Student performance may include not only the formal require- 
ments for admission, but also the relative ability of those attending 
the junior college and the ‘‘native’’ students with whom scholastie 
achievement is to be compared during their junior and senior years. 
Quality of instruction includes such factors as administration and 
supervision as it affects instruction, the training and experience of 
the instructional staff, the curriculum, and the tools for study—lab- 
oratories, apparatus, texts, library references, ete. It goes without 
saying, that, given a group of eager and capable students, good 
teachers, and the necessary tools for study, superior results ean be 
attained. 

Although the plan of branch junior college work established at 
the Johnstown Center in 1927 and at the Erie and Uniontown 
Centers in 1928 by the University of Pittsburgh has come to the 
attention of the leading institutions of higher learning of the coun- 
try through the acceptance of transfer students, some facts should 
be restated as basic to the subject under discussion. 

Students entering as freshman at Johnstown, Erie, and Union- 
town are admitted by the Registrar of the University under the 
same regulations as those applied to applicants on the campus. 
While the greatest number are graduated from the high schools lo- 
cated in the three cities, each Center attracts freshmen from ap- 
proximately 25 high schools within commuting distance of the 
Centers. All three Centers are located in districts having pro- 
gressive school systems. 

Quality of Instruction —The administration of the junior col- 
lege work is under the Director of University Extension who is 
immediately responsible to the Chancellor. The campus deans and 
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departmental heads are responsible for the supervision of instruc- 
tion. The members of the University faculty resident at the Centers 
are chosen on the joint recommendation of the Director of 
Extension, the dean of the school, and the head of the depart- 
ment concerned. With few exceptions, all instructors have had 
teaching experience on the campus at Pittsburgh. They are ap- 
pointed on the basis of sound training and proved ability as teach- 
ers. The curriculum in engineering is the same for the Centers and 
the campus. The laboratories were planned and the apparatus 
selected under the guidance of campus departmental heads. The 
same texts, manuals, references, etc., are used on the campus and at 
the Centers. Every effort, therefore, has been made to the end that 
the quality of instruction is a constant factor for students at the 
Centers and on the campus at Pittsburgh. 

Number of Students——The Tables below show the total num- 
ber of freshmen and sophomores, and the total number of freshman 
and sophomore engineering students at Johnstown, Erie, and 
Uniontown since the establishment of the work at these Centers. 
It was not until the year 1929-30 that all three Centers maintained 
both freshman and sophomore courses in engineering. In 1929-30, 
of the 621 enrolled students in all schools, 144 or 23.2 per cent were 
enrolled in the School of Engineering; in 1930-31, 138 or 22.9 per 
eent of the 602 enrolled were engineering students; and during the 
year just closed, 95 or 21.4 per cent of the 443 students were engi- 
neering students. 

Transfer Students-—A study of the tables indicates that in the 
consideration of the success of engineering students after transfer, 
we are concerned with 25 sophomores at Johnstown at the close of 
1928-29, 50 sophomores at the three Centers at the close of 1929- 
30, and 58 sophomores at the close of 1930-31. The facts regarding 
transfer of the sophomore elass of 1931-32 will not be known until 
next fall. 

Of the 25 sophomore engineers in 1928-29, 17 transferred to the 
campus at Pittsburgh. Of the 50 in 1929-30, 33 transferred to the 
campus and 13 to other institutions. Of the 58 in 1930-31, 25 trans- 
ferred to the campus and seven to other institutions. In total, over 
the period of the existence of the work, 133 have completed the 
sophomore year, of whom 75 have continued their engineering edu- 
cation on the campus and 20 have continued at other institutions. 
Of the 133, 13 continued their university training on the campus 
but transferred from engineering to another school of the Univer- 
sity. 

A study of the grades evaluated in terms of quality points 
made by Mr. C. Stanton Belfour, Assistant Director, University 
Extension Division, University of Pittsburgh, shows a slight de- 
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cline in the average number of quality points earned during the last 
semester (second semester of the sophomore year), and a still fur- 
ther decline during the first year after transfer (first semester of 
the junior year) to the campus at Pittsburgh. The average quality 
points earned during the two years after transfer exceeds the aver- 
age for the first two years. The experience of students whose offi- 
cial records have been obtained, who transferred to other institu- 
tions, parallel that of students who transferred to the campus. In 
brief, it can be said that the small group under consideration con- 
tinued with a slightly better average during the two years after 
transfer than during the first two years. The author appreciates 
that, because the study includes the experience of so small a group 
over such a short period, no conclusions should be drawn. 

As a group, the transfer students continued in their junior and 
senior years a quality of work quite similar to that attained during 
their freshman and sophomore years. Students showing superior 
ability in their freshman and sophomore years have continued to do 
superior work after transfer. At the recent commencement, of the 
110 men graduating from the Schools of Engineering and Mines, 
two of the three students who graduated with honor took their 
freshman and sophomore work at the Centers, one at Johnstown and 
one at Erie. At the previous commencement, one transfer student 
graduated with high honor and two with honor. 
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TECHNICAL INSTITUTE EDUCATION IN A COORDINATED 
SYSTEM OF ENGINEERING EDUCATION * 


By ROBERT HOOVER SPAHR 


General Motors Institute of Technology 


Institutions throughout the world including the ones in the 
United States are being challenged. Perhaps, never before has the 
searchlight of scientific analysis been so sharply focussed upon our 
own more or less loosely jointed educational, sociological, and in- 
dustrial structures. It is hoped that the debris of shallow and un- 
called-for controversies is being cleared for better unified and 
planned programs of action. 

These structures are of necessity intertwined and dependent 
each upon the other. Developments under each have changed and 
will continue to change environments; environments, in turn, af- 
fect human behaviors and relationships and create a diversity of 
needs. As adjustments changed less rapidly in times past, so the 
needs, likewise, changed less rapidly. Natura non facit saltum. 
Organized plans to supply these needs, whether for education or for 
industry, are becoming more and more a necessity. 

When planned changes are substituted for evolutionary 
changes, we need the leadership of foresighted men with ability and 
with the knowledge and training to think through situations and 
meet them with adequate plans. We need men of capacity and force 
to translate these plans into action. We need a vast army of trained 
men to develop and carry out details. In addition, we need men 
who are successful followers as well as successful leaders. It is 
but logical that we look to our educational and training systems to 
supply a large part of these requirements, in the fulfilment of which 
engineering and technical education must have an important part. 

If the requirements of our immediate period were education only 
for the technical professions or for research and advanced forms 
of analytical design, one general type of school might serve the pur- 
pose fairly well. This condition does not prevail, however, since a 
relatively small number of the present engineering graduates follow 
strictly professional lines or are engaged in advanced forms of the- 
ory and research; not more than one in ten as an optimum would 
classify in this latter group. Every study or analysis indicates a 

* Presented at the 40th Annual Meeting of the S. P. E. E., Corvallis, Ore- 
gon, June 29-July 1, 1932. 

442 














in the 
has the 
on our 
and in- 
nd un- 
od and 


endent 
ed and 
rn, af- 
sity of 
so the 
saltum. 
or for 


ionary 
ty and 
ns and 
1 force 
rained 
d men 

It is 
ems to 
which 
t part. 
n only 
forms 
e pur- 
ince a 
follow 
of the- 
would 
ates a 


is, Ore- 


TECHNICAL INSTITUTE EDUCATION 443 


wide variety of positions requiring educated and trained men, from 
the group leader to the chief executive and from the trained tech- 
nical worker to the most highly developed research man. 

Positions in business and industry which originally required 
men with a good hunch or a pleasing personality are finding them- 
selves manned at present with individuals who have little under- 
standing of modern scientific principles and applications; such 
individuals do not believe in these principles because they do not 
understand them; theirs is an understanding of another day. The 
trends are apparent; the handwriting has appeared on the wall. 
Likewise, the schools and colleges which do not use foresight and 
plan for these needs as indicated by the experience of hind- 
sight deserve to meet their respective fates. 

The purchasing agent in industry, for example, will have to 
deal intimately with least-cost purchase quantities as will also the 
man in production planning. Others will be called upon to figure 
the point beyond which additional repairs for machinery and equip- 
ment are not justified. In each of these functions, at least an ele- 
mentary use of the calculus is employed effectively. Men must also 
consider the economic effect of materials handling, and the various 
balancing factors applied in modern management; these are all 
positions in which until recently little consideration was given to 
technical and mathematical analyses. Even the usual production 
foreman, formerly a ‘‘rule-of-thumb’’ man, needs to understand 
economies obtained through more scientific rate setting, as well as 
time and motion studies, and he must know the workings of intri- 
cate costing systems. These responsibilities, as a general and prac- 
tical policy, can no longer be entrusted to untrained men. Indeed, 
many other examples of changed status and widening responsibili- 
ties might be enumerated. 

The four-year engineering college in the United States has done 
a creditable job; the wonder is that it has done so well, considering 
all factors. For many phases of work, there can be but little ques- 
tion as to its effectiveness; and, it will continue to occupy a promi- 
nent place in our educational system, provided of course, that it 
does not permit itself to become static and thereby neglect the ever- 
changing needs of the employers of men as well as the changing 
needs of the men themselves. 

We have assumed, somehow, that courses of the same length, 
four years, of practically ‘‘standard’’ content, taught in largely 
the same way, should supply all of these needs equally well. Is 
this a correct assumption? 

If four is the right number of years to prepare for all kinds 
of positions in business and industry, if the content of the usual 
engineering program is the right kind for a wide diversity of em- 
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ployments as well as for the varied bents of individuals, then it 
would be criminal to confuse the issue by proposing a more widely 
diversified program; it would complicate rather than clarify. 

On the other hand, world experience together with data evolved 
from numerous studies indicates the definite need for a wider di- 
versity of facilities for technical education in the United States; 
particularly is this true in the great present industrial areas and 
in the areas with fair indications of becoming industrial. Diversi- 
fication may also be carried to excess, thus causing a blurring of 
aims and a lack of united effort. 

Assuming that the case is fairly clear for an expansion of facili- 
ties, what direction should this expansion take? Before we may dis- 
cuss intelligently the place of the technical institute, or the type of 
education given in technical institutes, in a codrdinated program 
of engineering education, we must arrive at some understanding as 
to what kind of program it should be. Naturally, the more nearly 
ideal program would be that which would serve most adequately the 
needs of the employer, the employee, and society. 

If experience as chief engineer in manufacture, some years in 
teaching and in administration in engineering colleges, the repre- 
senting of American business and industry in connection with train- 
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Fic. 1. Vertical paths through technical education in the United States. 


ing needs, active connection with the studies of the 8. P. E. E., and 
more recently the studying of the educational and training re- 
quirements of a large corporation qualify one at all, perhaps I may 
be pardoned for attempting to set forth briefly as a premise the 
needs, as I see them, in a general codrdinated program of engineer- 
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ing education. For the sake of clarity, the type of education in- 
stead of the type of institution will be referred to most frequently. 

An analysis of the present and near future needs seems to indi- 
cate three general areas of engineering and technical education, 
above the high school level, (1) graduate and research, (2) under- 
graduate or the usual four-year engineering, (3) technical institute 
or semi-professional. The numbers of students in these areas should 
be in the order given, the first having the least and the last the 
most. 

For certain positions in business and industry, particularly in 
advanced forms of research and technical development, the usual 
four-year engineering course is little more practical than would be 
the usual science course for advanced forms of research in chem- 
istry or in physics. Research is assuming an increasingly important 
role in many industries; in fact, the continuation if some industries 
and the advent of others depend upon the results of research. This 
should mean that some of the very best four- or five-year engi- 
neering graduates should continue in school one year and others 
should continue two or three years, along lines of concentration and 
specialization. 

To meet these needs, there should be a relatively small number 
of graduate schools of engineering, science, and research, located 
in strategic centers, adequately equipped and manned for work par 
excellence. 

The most comprehensive studies in both the educational and in- 
dustrial fields indicate that from eighty to ninety per cent of the 
needs for four-year engineering graduates from the colleges have 
been supplied already, under normal business conditions. This is 
assuming, of course, that these graduates will go into positions of a 
general technical nature only. However, there is a growing appre- 
ciation that an engineering course may equal any other course in 
general educational or cultural values, a fact long suspected by 
many. This is vividly shown in the Pennsylvania studies, Fig. 2. 
The trend throughout the country is definitely in the direction of 
generalization in the undergraduate engineering courses as against 
specialization, and this will tend, also, to increase the popularity of 
engineering courses as general education media. 

The four-year engineering college will continue to occupy an 
important place in a program of technical education; on the other 
hand, it is generally conceded that the present number, about 150, 
in the United States is ample to care for the needs. Perhaps, some 
of these engineering colleges would not be missed, yet to abolish, 
transform, or merge many of our small but effective engineering 
schools, as is sometimes suggested, would in my opinion be dis- 
astrous; rather, they might well be supported and strengthened. 
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There are large numbers of boys entering our four-year engineering 
colleges who by reason of their characteristics and bents might profit 
far more in some other type of education, and thereby relieve the 
present congestion and enhance the effectiveness of the entire pro- 
gram. These estimates as to the needs appear to hold true for some 
vears to come, even in the light of the expectation that the popula- 
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Fig. 2. Means of the total achievement test scores by selected curricula in 
fifty Pennsylvania colleges.* 


tion of the United States will continue to increase during the next 
two decades at least. Apparently, the needs are not for a larger 
number, but for better four-year engineering colleges. 

In considering the four-year type of engineering education, we 
cannot overlook the work of the junior colleges, so well described in 
other papers at this meeting. Within a decade, almost out of air, 
have sprung a hundred or more educational] institutions offering 
two-year courses in engineering, or perhaps more accurately pre- 
engineering, giving almost exactly the first two years of the usual 
four-year engineering program—courses intended primarily for en- 
trance into the advanced years of the engineering college. There 
are now indications that these junior college programs will become 
more diversified to meet better the local requirements as time ad- 
vances. 

* Through the courtesy of the Carnegie Foundation for the Advancement | 
of Teaching. 
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The remaining part of a codrdinated engineering education pro- 
gram, and the largest in numbers, should logically be supplied by 
technical institute education, sometimes called semi-professional 
education. 

The technical institute and the area of education which it repre- 
sents have been rather fully described in papers before and in re- 
ports by this Society. Few technical institutes per se exist in 
America at present, but the type of education is found in a variety 
of institutions including the junior colleges, the newest source and 
perhaps one of the largest potential fields for the development of 
this type of education. 

The results of technical institute education both here and abroad 
have been studied and appraised. Various ‘‘yardsticks’’ have been 
applied impartially. Comparisons have been made with four-year 
engineering education; not being the same, they may not always 
have been exactly comparable, but since the graduates of both types 
start in practically the same positions, certain comparisons may be 
indicative. 

The starting salaries of the two-year graduates from one of the 
better known technical institutes average slightly above the grad- 
uates from the combined four-year engineering colleges; for the 
first fifteen years after graduation, the average earnings of the two 
are about even; beyond fifteen years the number of technical insti- 
tute graduates is too small to be conclusive, but there is an indica- 
tion that beyond that period the balance may favor the four-year 
college graduate. The average earnings of the one-year technical 
institute graduates fall below those of the two-year men and, of 
course, below those of the four-year men, but nevertheless they make 
a good showing. 

The positions in industry held by the institute graduates com- 
pare favorably with those held by the college graduates. About 1 
in 81 engineering college graduates in the technical, supervisory, 
and managerial positions in manufacture was president of a plant; 
on the other hand, of 5,261 technical institute graduates tabu- 
lated, 96 were presidents, or 1 in 55. An analysis of thousands 
of cases indicates that the expectancy of becoming a president 
of a manufacturing company, based on the education had, is in 
this relative order: graduates in mining and metallurgy, civil 
engineering, non-engineering college, chemistry and chemical engi- 
neering, mechanical engineering, technical institute, unclassified 
engineering, and electrical engineering. The data indicate further 
that a technical institute graduate has about three and one half 
times the chance of becoming a company president as does a four- 
year electrical engineering graduate. 

The reactions from the technical institute graduates have been 
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rather definite and to the point. Their expectations have been met 
to a remarkable degree, and they would follow the same course had 
they to do it over again. , 
4 Certain factors, aside from the instruction process, may have 
influenced results for the technical institutes. The student enters 
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Fig. 3. Distribution of technical institute and college men in employment. 


the institute with approximately the same scholastic preparation, at 
least in quantity, as does the engineering college student; the se- 
lective process is less standardized, therefore more adaptable and 
frequently more searching, than the same process in the college ; on 
the average, the student is more mature than is the college student, 
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and he frequently has worked for a period previous to entrance. 
He, perhaps, has been attracted by the more practical and direct 
methods of instruction, and, in addition, often has a seriousness of 
purpose not found in a number of college students who have had 
less to do with the stern realities of life. Assistance by the school 
in locating the right kind of employment after graduation may 
also be reflected in their records, and assistance rendered the grad- 
uates in later years may be another factor in their showings. 

Only certain of the findings of the study have been reviewed here 
for the purpose of recalling the results which are apparently pos- 
sible through technical institute courses, which courses, at present, 
vary in length from one to three years. Indeed, some of us four- 
year engineering graduates may find it interesting and maybe a bit 
embarrassing to account for those ‘‘additional’’ years in our college 
careers. 

A large field of need for the technical institute type of educa- 
tion appears to be to educate and train men in the technology of 
particular industries, widely and successfully practiced abroad. 
The American Institute of Laundering is an example in the United 
States. Other needs appear to be for specific courses in electrical 
and mechanical technology, aeronautics, technical sales and services, 
and other ‘‘terminal’’ courses for the thousands of positions in in- 
dustry not requiring four-, five-, or seven-year courses; the technical 
institute type of course might be further developed in business, mer- 
chandising, banking, applied art, civic health, and similar fields. 
It is said that the banks of Los Angeles alone have about four hun- 
dred open positions each year; as a result of this analysis, the 
representatives fromthe banks of that city have planned with the 
Junior College a terminal curriculum to prepare for these positions. 
After all, the needs of the community should determine the variety 
and the kind of educational offerings; until we know more ac- 
eurately the needs of the respective communities it is a matter, more 
or less, of uncertain speculation. Comprehensive local studies must 
determine community needs. 

In the original report of the study of technical institute educa- 
tion it was estimated that the manufacturing and mechanical in- 
dustries, not considering the potential fields mentioned earlier, could 
absorb effectively from 40,000 to 50,000 technical institute grad- 
uates annually. These estimates and conclusions were recently dis- 
cussed and reviewed by the writers of the report, and in the light of 
present trends no sound or logical reasons were seen for changing 
them. The estimated number of technical institute men required 
annually for new and replacement positions is approximately five 
times the number now being graduated annually from the four-year 
engineering colleges. Since the national study has been completed, 
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at least six local studies have been made, and in each the conclusions 
as to the needs for technical education have verified those from the 
original. 

Another type of need has appeared on the horizon; it seems to 
be chargeable largely to our technological development. It did 
not appear as a major need at the time of the original technical 
institute study, but it bids fair to become an important one in the 
near future. 

Notwithstanding the withdrawal annually of 50,000 to 75,000 
students, sixteen years of age and over, from the normal ranks 
of the employed by reason of the increased popularity of schooling, 
it is becoming increasingly more difficult for a high school graduate 
of eighteen to obtain employment; the employment age at the 
lower end of the work life is moving upward; in a similar manner, 
the age of retirement, voluntary or involuntary, is being pushed 
downward. The latter affects the problem of schooling only in- 
directly ; the former is serious. What is the boy to do between 
his graduation from high school at eighteen and the ‘‘expectancy”’ 
age at which he may find satisfactory employment? The vast 
majority of these boys cannot and perhaps should not enter the 
usual four-year college; the college is planned and directed toward 
serving the more brilliant or academically minded. The average 
high school graduates, more than 300,000 each year to say nothing 
of the thousands in the lowest scholarship brackets, will be left 
to shift for themselves, and that, for many, practically means loaf- 
ing. Each college year finds that from 50,000 to 75,000 are not 
adapted to the college courses or that the college courses are not 
adapted to them, and some of these, too, just a year or two older, 
join the ranks of the 300,000. This is a sociological problem which 
fairly staggers the imagination. Further education for these 
young folks, waiting for an opportunity to work, has been sug- 
gested. Naturally, this means the need for a wider diversity of 
post-secondary educational facilities. Several states appear to be 
moving in the direction of technical institute or semi-professional 
education in order to aid in meeting this problem. 

The present college or university is organized and prepared to 
eare for the academically inclined, the top strata as far as marks 
are concerned in the high school graduating classes; this is an 
important assignment, yet only a relatively small percentage of 
the high school graduates is served. Technical Institute or semi- 
professional education, too, has a responsibility to care for those 
in the top strata, who, for various reasons, may wish to study 
fewer than four years, those who for financial reasons are com- 
pelled to consider the briefer courses, and, in addition, a vast 
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number of our future average citizens—many of whom are prac- 
tically inclined and would profit more by the shorter course. 

Facts justify the conclusion that no four-year college or uni- 
versity should attempt to operate technical institute courses paral- 
lel with the four-year courses on the same campus and under the 
same faculty ; the chances against success are too great. However, 
with proper autonomy and physical separation, there is no experi- 
ence or reason to assume that technical institute education may 
not be successfully given in a branch or codrdinated part of a 
college or university. In fact, there are arguments in favor of 
such a coordinated program of engineering and technical educa- 
tion. Our state universities, for example, might consider serving 
the industrial centers of their respective states more effectively 
by branches or through some form of codperative arrangements 
in these centers. 

The Technical Institute of the University of Wisconsin at 
Milwaukee, the branches of the Pennsylvania State College, and 
certain work at Rutgers University are typical examples of be- 
ginnings in such a development. The branch of the University 
of Pittsburgh at Johnstown, Pennsylvania, has been pointing in 
this direction. The Armour Institute of Technology in its plan 
of development is contemplating a college of science and engi- 
neering, an industrial research institute, and a technical institute 
as codrdinated parts in a comprehensive educational institution. 

Intelligent plans built upon known facts are the best insurance 
for suecess in establishing technical institute work. Results in 
technical institute education and training will always depend 
largely upon the attitude of the administration and faculty. If 
the administration and faculty want the school to be a technical 
institute, it will be that, with ample demand from prospective 
students ; on the other hand, if they want it to evolve into a college, 
it will be just another college, also with ample demand from 
prospective students. 

The junior colleges in certain geographic areas may be expected 
to develop the technical institute or semi-professional courses to 
a very much larger degree than they have to the present. 

From the Sacramento (California) Junior College— 


“This institution has offered a terminal course in engineering drafting 
since 1928. It has attracted very few students and only three have com- 
pleted the course and entered the semi-professional engineering field. 
There seems to be no call among the entering freshmen students for termi- 
nal courses.” 


From the Los Angeles (California) Junior College— 


“Since there was an attendance of 1,132 semi-professional students 
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when college closed in June, 1930, these courses seem to be making a strong 
appeal to the young men and women of the city who are not academically 
minded and who do not desire to spend four years in college, but who 
feel the need of adjustment beyond that which could be given by the high 
schools.” 


The rapid growth of the junior colleges, particularly in certain 
sections of the country, will make it necessary to prepare many 
of their students for life or direct employment, and it is generally 
assumed that a terminal course of two years is preferable to the 
first two years of the usual engineering course for effective em- 
ployment. Certain difficulties of two- and four-year programs 
when operating parallel are eliminated under the junior college 
organization, since practically all of the courses in this field are 
two years in length. But, the danger still remains that the faculty 
might consider the preparatory type superior to the technical 
institute or semi-professional type of education, and if so the 
students will be sure to sense their feelings in the matter. Such 
feelings might be the result of previous training, tradition, un- 
familiarity with the direct type of teaching, or through a lack of 
intimate knowledge of the results and characteristics of technical 
institute education. 

The most successful work in this area of education at the pres- 
ent time emanates from the institutions operating per se as tech- 
nical institutes. They have years of experience and some tradition 
back of them. Several of the institutes have very definite aims 
and adhere to them rather closely. Their teaching staffs are stable, 
and there are relatively few new instructors at any one time. 
Other educational institutions will have the utmost difficulty in 
duplicating the results of the better technical institutes for various 
reasons, including the lack of teachers trained and experienced in 
the intensive and direct methods largely used. The chances for 
best results are with the institution organized and run as a tech- 
nical institute, free from all distracting influences; yet, the largest 
opportunities for growth and development may come in connection 
with the four-year colleges and as integral parts of junior colleges. 
The latter development means that careful study and sound plan- 
ning will have to be exercised or disappointment will be inevitable. 

The technical institute type of education has justified itself in 
the eyes of its graduates and in the estimations of the users of its 
product, and thereby should recommend itself to thousands of 
students who possess bents and inclinations in this direction. The 
needs for the technical institute type of education in business and 
in industry have been shown. The indications are that it should 
supply by far the largest number of technical men of all the types 
of engineering and technical education. Its place, in general, in 
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a technical education system is intermediate between the trades and 
the professions. The major sources of supply will be technical 
institutes, junior colleges, four-year colleges, both public and 
private, and perhaps in some instances super-structures built upon 
technical high school programs. The public institutions may be 
expected to furnish the bulk of technical institute education, 
whereas the private institutions may be in a more favorable position 
to render valuable contributions through experimentation. 

Before it will be possible to have a united and really effective 
engineering and technical educational system, certain factors must 
be faced and considered. Perhaps certain of our personal views 
may have to be adjusted in order to blend in with the composite ; 
intolerance may have to give way a bit to tolerance. Public opin- 
ion has been influenced by published figures and pictorial repre- 
sentation showing the money value of a four-year college education, 
and the boy from the time he entered kindergarten has been told 
of the bag of gold dangling from the college degree; on the other 
hand, little data have been available until’ recently to show the 
value of a one-, two-, or three-year course, measured by similar 
‘‘vardsticks.”’ 

A mania for degrees has developed, in far too many cases the 
desire for the degree taking precedence over the desire for the 
education. Those completing satisfactorily the four-, five-, and 
seven-year post-secondary programs receive degrees; those com- 
pleting satisfactorily the one-, two-, and three-year programs re- 
ceive what is termed a diploma. The former authorizes the re- 
cipient to place after his name certain letters of the alphabet— 
symbols; the latter confers no such authorization. Apparently, 
the diploma graduates into a full-fledged degree somewhere be- 
tween the third and fourth years. Both, however, indicate that 
the holder has completed satisfactorily a course of study at some 
educational institution. If this degree has attained such influence 
and prestige as to affect the efficient administration, operation, and 
popularity of courses of different lengths, stamping one as superior 
and another as inferior and therefore less to be desired, then some 
plan should be evolved to eliminate as far as possible these unde- 
sirable factors. 

Two courses of action have been suggested, neither one quite 
eomplete in itself nor without highly controversial elements: either 
diseard degrees altogether, or if they are essential give them with- 
out favor and discrimination in respect to the number of years 
required. True, such degrees must not be the same, and they must 
not duplicate the aecepted practices any more than a B.S. and an 
M.S. duplicate each other; these stand primarily for different 
normal lengths of courses—a measure of quantity, not necessarily 
32 
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of quality. Perhaps, the most compelling reason why the two-year 
graduates might be authorized to publish the fact, by the use of 
certain symbols after their names, that they, too, have completed 
certain amounts and kinds of work satisfactorily is that the four-, 
five-, and seven-year men are authorized to do so. There is al- 
ready a precedent in this direction; a two-year degree has been 
given, namely, the A.A. (Associate in Arts); thus, an A.E. (As- 
sociate in Engineering, paralleling somewhat the practice of the 
membership grades in the professional societies) and others in 
corresponding fields might be a solution. 

For a coordinated engineering and technical education program 
to function successfully, it is apparent that there must be no 
distinctions, creating impressions of superiority or inferiority for 
the different types and lengths of courses, particularly since the 
different types are for different objectives, and the different 
lengths do not necessarily indicate different quality. 

In a junior college, where the technical institute or semi-pro- 
fessional type is offered parallel with the preparatory type, both, 
perhaps, should receive the same credentials, in the same way that 
the bachelor’s degree is given in various fields of study. The Los 
Angeles, California, Junior College is experimenting in this direc- 
tion. 

Closely akin to credentials is the transfer-credit, another prob- 
lem, which, if there is to be an effective and successful coérdinated 
program, should be faced frankly and fearlessly. Engineering or 
pre-engineering transfers from the usual preparatory type of 
junior college course are practically upon the same basis as from 
one college to another college. Perhaps, relatively few from the 
technical institute or semi-professional courses will seek transfer- 
credits in the four-year engineering colleges, but what about those 
who may find it advantageous to continue their education? Should 
outstanding students from the technical institute be encouraged 
to continue their studies as in other types of education? If so, 
where may they continue them with the least lost motion? 

Seattered data throughout the study indicated that the stronger 
four-year engineering colleges were more liberal in evaluating and 
granting credit for technical: institute work than were the weaker 
colleges. There is work in the technical institutes which in kind 
and quality should not be counted in transfer-credits toward an 
engineering graduation anywhere; on the other hand, there is 
work in some of the four-year engineering colleges which, too, in 
kind and in quality never should be credited toward graduation. 
Transfer-credits serve two major purposes, namely: substitution 
for local graduation requirements and as an indication of adequate 
preparation for more advanced studies. Both presume to indicate 
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that certain knowledge and development have been acquired by 
the student. 

It is recognized generally that the semester-hour of credit does 
not represent equal amounts of knowledge and development in 
two individuals ; the Pennsylvania Studies present rather astound- 
ing findings as to the spread of knowledge and development among 
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Fig. 4. Spread of total achievement test scores made by senior engineers in 
one Pennsylvania college.* 


college men in the same school, in the same course, and in the same 
class—all candidates for the same credentials, Fig. 4. Might this 
not indicate the possibility that many technical institute men may 
possess knowledge and development in certain basic subjects, such 


* Through the courtesy of the Carnegie Foundation for the Advancement 
of Teaching. 
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as mathematics, superior to that had by many college men who 
have followed these subjects many more hours in their curricula? 

In the final analysis, does it matter where or how the student 
obtained this knowledge and development, whether from a college, 
from a technical institute, or through personal studies, so long as 
he has thoroughly acquired them? 

No institution or a department in an institution or an instructor 
in a department has a divine monopoly of the one best method of 
teaching or of the content of a subject. 

As diversity of education increases, the more frequent use of 
local evaluating or examination methods and the less frequent use 
of transfer-credits will, it is believed, bring consistently better 
results; individuals coming from widely diversified fields of edu- 
eation would be on a fairer basis, depending more upon their 
tangible mental assets. It would not be a move of least resistance, 
however, but one with immensely constructive and valuable pos- 
sibilities. 

The faculties of each type should know more of the aims and 
objectives of the other types of education, and this applies more 
particularly to the four-year college faculties. Of the types of 
education and training in the technical field, the least is known 
about the technical institute; its methods and results need elabora- 
tion and dissemination, as well as do the possibilities of semi- 
professional education in the junior colleges. Out of knowledge 
comes understanding. 

The following statement was made in the technical institute 
report: ‘‘Some means of closer association seems greatly needed. 
Whether it should be a distinct division of the Society for the 
Promotion of Engineering Education or an independent body is 
not clear. In either case the initiative should come from the 
directors and teachers of the technical institutes themselves.’’ 

Suggestions in this direction have come. The junior college 
development, entering both technical institute and engineering 
college fields, adds emphasis to the importance of a clearing house 
for information. The time which a few others and I have been 
able to give the numerous requests for information and services in 
connection with the terminal course field coming from technical 
institutes, junior colleges, engineering colleges and other educa- 
tional agencies has been entirely inadequate, considering the im- 
portance of these developments. 

It appears that the time has arrived when codrdination is es- 
sential for the best interests of engineering and technical education 
in America. Personally, I am of the opinion that the time has 
arrived when the S. P. E. E. must decide whether it will continue 
to serve well the 150 four-year engineering colleges only, or whether 
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it will proffer its leadership, services, and influence to the 100 
junior colleges which are offering in some instances both prepara- 
tory and terminal engineering programs, and the relatively isolated 
technical institutes. 

Technical institute education may be expected to grow. The 
needs have made that clear; its results appear satisfactory; the 
results of the future will depend upon the soundness of the new 
developments. Indeed, much will depend upon the ideals and the 
foresight of its leaders. The vast needs have proved tempting for 
exploitation in a few instances; in several others, consideration 
was given to the organization of institutes with uncertain or 
inadequate funds back of them. 

It is a rare exception that an institution in the post-secondary 
field of education has operated on a self-supporting basis and given 
first class instruction. It might as well be recognized generally 
that adequate funds are just as essential in conducting successfully 
a technical institute as they are for a college. The institution 
operating on a ‘‘hand-to-mouth’’ basis and depending entirely on 
an income governed largely by the ups and downs of business 
conditions or upon periodic or voluntary contributions must, with 
few favored exceptions, pay the penalty; it seems that this is 
inevitable. Continuity and stability beget quality and loyalty on 
the part of the faculty, students, and alumni; the best teachers 
naturally avoid connections of insecurity and uncertainty. The 
principles and practices of speculation, chance, and even human 
relations in business and industry are not the ‘‘common law’’ 
principles and practices in the college world; the school which 
chooses to transgress accepted ethics becomes an outcast. It be- 
comes, therefore, a duty to warn against unsound or over-zealous 
developments. 

The technical institute, by reason of its close interests with 
business and industry, has an excellent opportunity to capitalize 
and utilize further the interest, experience, and codperation of 
business and industry, the future customers for its product, with- 
out sacrificing autonomy or being unduly influenced by transient 
needs. This is an opportunity that has been woefully neglected, 
with few exceptions, by the four-year engineering colleges. The 
responsibility here clearly lies at the door of the administration 
of the engineering colleges. 

Coérdination, acquaintanceship, codperation, leadership, the 
recognition of facts, and, last but not least, tolerance are elements 
which should go to make up an effectively coérdinated engineering 
education program. 















ENGINEERING AND TECHNICAL EDUCATION AT THE 
PASADENA JUNIOR COLLEGE * 


By ARTHUR G. GEHRIG 
Instructor in Engineering 


In discussing the features of the Engineering and Technical 
Education at the Pasadena Junior College this paper must be 
considered as only a progress report of the work we are attempting 
at Pasadena. 

The program for engineering students who are going to complete 
the regular four-year course at a standard university has been 
offered for the past four years, but the two-year course for the 
technical students who expect to go directly into employment at 
the end of the fourteenth year has been offered for the first time 
during the past school year. Therefore the thirteenth year work 
only has been given. Next year both the thirteenth and fourteenth 
year work will be offered. 

The Pasadena College is a combined four-year institution em- 
bracing the two upper years of the traditional high school and the 
two lower years of the regular university. Its enrollment is ap- 
proximately 3,600 students, divided about equally between these 
two groups. The Pasadena College District includes an area of 
125 square miles, a population of 100,000 people, and an assessed 
valuation of nearly $160,000,000. Although Pasadena is not an 
industrial community it is a seat of scientific learning and lies just 
at the edge of a metropolitan area which has two million popula- 
tion and considerable industrial and commercial importance. 

The engineering program was launched four years ago. Prior 
to that time no attempt was made to prepare the engineering stu- 
dent for full junior standing in the university. The only engi- 
neering subjects offered were descriptive geometry, engineering 
drawing, high school surveying, and high school shop. The next 
step was to inaugurate those engineering subjects which were 
shown as required subjects in the lower division curricula of the 
standard colleges. These included plane surveying, astronomical 
surveying, materials of construction, structural drafting, heat 
power engineering, elements of electrical engineering, mechanisms, 
engineering problems, and materials and processes, 

* Presented at the 40th annual meeting, S. P. E. E., Corvallis, Ore., June 
29-July 1, 1932. 
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To parallel the lower division curricula of the four leading 
colleges in the state (University of California, University of South- 
ern California, Stanford University, and California Institute of 
Technology) at once created a fair sized educational problem. 
Fortunately the task has been lessened in two ways: first, by the 
universities simplifying their own curricula, and second, by their 
very helpful attitude in accepting some subjects which are required 
by one or more of the other universities in lieu of some in their 
own curricula. 

This helps the junior colleges to have larger classes, fewer 
subjects, and more effective results. This type of codperation by 
the universities is very much appreciated by the junior colleges, 
and I am sure results in a much better training for the students. 
This spring marks the completion of the four-year engineering cur- 
riculum by our first students who had a junior college engineering 
program. Definite statistical reports from the universities indicate 
clearly that our students have done well in carrying on their junior 
and senior work. As our courses, methods, curriculum arrange- 
ments, and student material improve we hope that our engineering 
transfers will make even better records in their university work. 
Some say they will continue with specialized graduate work. 

The problem of offering a technical program two years beyond 
the high school leading directly to employment at the end of the 
fourteenth year was confronted two years ago by the appointment 
of a committee consisting of the director of industrial arts of the 
city system, the chairmen of the manual arts department, the 
mathematics department, the physical science department, and 
three instructors who were then teaching engineering students. 
This group studied 8S. P. E. E. reports, technical institute cata- 
logues, local needs and possibilities, and visited several schools 
near os Angeles and in the Bay Region. 

The committee then set up tentative plans for building and 
equipment, curricula, faculty needs and qualifications, and student 
entrance requirements. These were rapidly put into effect and 
the two year program definitely launched in the fall of 1931, with 
about 80 thirteenth year students in the five curricula which had 
been provided, viz., Aviation (36), Building Practice and Design 
(10), Civil Technology (12), Electrical Technology (10), and 
Mechanical Technology (12). It will be noted that nearly half 
of the students elected the work in aviation, the other four ecur- 
ricula receiving about equal portions of the remaining students. 
No particular attempt was made to guide the students into one 
branch or another, although perhaps this should be done in the 
future. It was largely a matter of their own selection, and of 
course aviation seemed to be popular. 
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In making provision for the physical plant the one-story portion 
(about 80 per cent) of the old manual arts building was razed to 
the ground and a new structure erected on the old site. The new 
structure is approximately 100 ft. by 200 ft., has 20 ft. clear story, 
and saw-tooth roof construction. Sub-floor, bricks and skylight 
glass from the old building was used in the new. This building 
program cost about $55,000. New equipment costing about $57,000 
was installed. All of this $112,000 outlay is primarily for the 
technical program as the four-year engineering student has very 
little time for laboratory work in the two years at junior college. 

Of the $57,000 spent for equipment almost none was used 
specifically for aviation, or building practice and design, and none 
for surveying or hydraulics in the field of civil technology. The 
bulk of the budget was used for a very complete electrical labora- 
tory (about $22,000), a materials testing laboratory (about $13,- 
000), a heat treating laboratory and a machine shop. Some of the 
old woodworking equipment was retained from the old manual 
arts shops; while practically all of the aviation equipment was 
borrowed or secured gratis from the government and private 
companies. 

The subjects and curricula in these five fields of technology were 
selected and arranged entirely independent from university pre- 
cedent and without regard to any university transfer value. The 
criterion in each case being immediate and dependable value in 
employment. The students are told plainly that these courses 
are designed and taken for use and not for ‘‘credit.’’ If they are 
capable and wish to take the standard four-year university course 
they must start in it from the beginning and not hope to swap 
horses in mid-stream. 

At the end of the first year’s trial we are nine months older and 
naturally wiser,—both faculty and students. If confessions and 
testimonies are permitted some of our difficulties and remedial 
measures may be mentioned. 

To affect the new organization a year ago the manual arts 
department was disbanded, the engineering work was transferred 
from the mathematies department to the physical science depart- 
ment, and the technology work added to the physical science de- 
partment ; forming in effect a large department of physical science, 
engineering and technology. Next fall the organization will be 
readjusted in such a way that the engineering work will be re- 
turned to the mathematics department, and a new department of 
technology established. 

Our laboratories were laid out on the open floor principle, 
without walls or partitions; but already wire fences have been 
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put up, V. & C. V. partitions added, and barricades of work benches 
and gates constructed. 

The first group of students for this work is far from the stand- 
ard desired for this type of intensive work. From thirty to fifty 
per cent of them are deficient in desirable personal traits as well 
as in specific subject prerequisites. Both of these disadvantages 
will be reduced we believe with the next incoming group. How- 
ever, it is hard to control the matter of prerequisites, for although 
we give the eleventh and twelfth year work on our own campus, 
75 per cent of our engineering and technical students come from 
other schools. Just as quickly as possible the entrance require- 
ments should be brought up to the proper standard, for as long 
as a low standard is tolerated through expediency, some very good 
students will fail to be attracted to the work. - 

At the earliest date practicable the entrance requirements for 
this two-year technical work ought to be just as high as those for 
the four-year engineering student; and this applies to English as 
well as mathematics, chemistry, physics and drawing. The tech- 
nical student with so much to do in two years can not afford to 
be handicapped in any way. A junior college attempting work 
in the true field of technology must ever be alert to keep its sub- 
jects, students, faculty, and facilities distinctly above the trade 
school level. 

The matter of counseling or orientation is a very potent factor 
in securing desirable results. Up to the present time our students 
were assigned to seven counselors entirely on an alphabetical 
distribution, but next year one counselor will be designated to 
confer with all engineering and technical students. He is making 
it his first duty to become thoroughly familiar with all phases of 
these two allied fields, and to set up some arrangement (possibly 
placement exams or technical aptitude tests) by which students in 
this work may be more intelligently selected for the various types 
or branches of engineering and technology. There is much to do 
in this direction, but if some solution is found it will surely be of 
tremendous value in selection and guidance. 

In a limited number of courses this year we had mixed classes ; 
that is, engineering students and technology students in the same 
class attempting the same type and quantity of subject matter. 
It is the opinion of all of the instructors directly concerned that 
this situation should be avoided at the earliest possible date. In 
our schedules for next year we are planning almost no mixed 
classes. 

There is a definite need for a new type of text book for this 
work in technology. With the exception of a very few subjects, 
suitable texts for this level of work are not available. The grow- 
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ing importance of this field of education should be a challenge to 
both authors and publishers. Good books exist for the technical 
high school or trade school, and also for the university ; but equally 
good texts for this intermediate level are badly needed. 

In selecting new instructors for this work the administration 
has given full consideration to the actual needs of industry, and 
sets qualifications higher than would be imposed upon engineering 
instructors. Minimum preparation includes an engineering de- 
gree, five years recent actual practice in the field to be taught, and 
three years of teaching experience. Four new men were added 
to our faculty for this technical program. 

Continuous contact with industry and practice through faculty 
odd-time employment, class trips, technical associations, and stu- 
dent employment is to be encouraged to the fullest extent. Even 
though our students have now completed only the thirteenth year 
quite a few satisfactory placements were made this spring, espe- 
cially in the aviation industry. 

It is planned to have an advisory committee from industry for 
each of the five curricula offered, but this detail is not functioning 
yet. 

If the customer is to be the judge, we have been fairly suecess- 
ful this first year, for almost every student is well pleased with the 
opportunities offered, is earnest in his work, and intends to return 
next fall. 

On the whole we are not at all discouraged at the end of the 
first year. We are quite convinced that there is a large oppor- 
tunity in this type of education where the community can afford 
the cost and where there is a demand for the product. It surely 
should not be attempted in the smaller junior colleges for it re- 
quires a lot more equipment than the first two years of the engi- 
neering course, and would be a failure without instructors who 
have had actual practice in the various fields. 

Details of equipment, technical curricula, and engineering 
curricula are given in the Technology Catalogue and in the Engi- 
neering Magazine (a student publication) which are here for dis- 
tribution in a limited quantity to those most interested. 

As to the relationship of the two-year technical education to 
the standard engineering colleges, it would seem that if it provided 
an effective training for the 65 per cent of the students that usually 
drop by the way before graduation, it would save the engineering 
colleges a great deal of crowding and trouble, provide industry 
with a large number of specifically trained technical men. and 
save society a considerable exnense and disappointment, 
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SEMI-PROFESSIONAL ENGINEERING EDUCATION 


By DEAN FRED E. AYER 


University of Akron 


This paper embodies the recommendations made to the Munici- 
pal University of Omaha after an educational survey made there 
in February of this year. The topic will be discussed under the 
headings : 

The Need for Semi-Professional Education 
Previous Proposals 

Plan Recommended for Omaha 

An Idealistic Dream 


THE NEED FOR SEMI-PROFESSIONAL EDUCATION 


By a semi-profession in this paper is meant: ‘‘An occupation 
in order to enter upon which one should prepare himself with a 
course of training approximately two years in length, with a high 
school education or its equivalent as a prerequisite.’’ * 

By means of check lists sent to men qualified to judge in their 
particular fields, Professor Koos found occupations classified as 
semi-professional as follows: 


Commerce group, 14 
Agricultural group, 12 
Engineering group, 43 
The following are ratios of technical institute men to four-year col- 
lege men desired for effective operation by the industries of New Jersey: 


Ratio—Technical Institute Men 


Separate Studies to Four-Year College Men 
Study No. 1—48 Manufacturing Companies ............ 2.8 to 1 
Study No. 2—21 Manufacturing Companies ............ 2.7 to 1 
Study No. 3—Public Utilities of New Jersey .......... 2.7 to 1 


Various checks were applied to these findings. A study by Thomas 
of the numbers of positions believed to require two and four years of 
college training respectively in twelve corporations in California was 
examined. When these figures were compared, on the same basis, the 
ratio of the positions needing two-year men to four-year men was 2.6 to 1. 

For another check, the technical “ positions vacant ” in the New York 

**«The Junior College and Training for Semi-Professions,’’ by Pro- 
fessor L. V. Koos, of the University of Minnesota. 
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Sunday Times, over a period of several months, were tabulated and classi- 
fied according to positions believed to require two and four years of engi- 
neering training respectively. This resulted in a ratio a little less than 
3 to 1.* 

There are at present approximately one fiftieth as many technical 
institute men in manufacturing as the employers say they should have. 
An annual output of from 15,000 to 20,000 technical institute men could 
probably be annually absorbed in manufacturing alone. Less comprehen- 
sive estimates from the public utility and transportation industries demands 
in proportion. : 

Evidence is conclusive that industry is under-recruited with technically 
educated men. This condition applies particularly to areas of technical 
education other than the four-year engineering college. 

Thousands of positions do not require four-year college men; to place 
college trained men in them would do injustice to employers and em- 
ployees alike. 

Many men would prove mediocre or even fail if subjected to the usual 
engineering college learning methods, not always due to absence of abil- 
ity, for they frequently show outstanding capacity to learn by more direct 
methods; this immense potential capacity should be developed. Other 
thousands of men can neither afford the time nor the money to undertake 
four-year courses; for these, opportunities should be available to capitalize 
their abilities for themselves, their communities, and their country.* 


In the report of President W. E. Wickenden on his study of 
technical institutes in Europe, published in the S. P. E. E. 
JOURNAL, September, 1931, he says: 


The needs of the country could scarcely be met by less than 250 insti- 
tutes, and seem to call for the creation of a great chain of community in- 
stitutions having an organic place in city and state educational systems, 
yet free to achieve their own distinctive character. 


. 


The same industries estimate the desirable quota of employes having 
approximately two years of training above the secondary level at from 
6.0 to 8.3 per cent of their total forees. At present this potential demand 
is not more than one-fiftieth supplied and an output of from 25,000 to 
30,000 graduates a year from technical institutes could be absorbed to 
great advantage. 


The codperative plan, based on alternating periods of school work and 
industrial employment, seems particularly well adapted to the aims and 
the levels of age and work of the technical institutes. The plan has 
marked advantages in the training of supervisors of production, opera- 
tion and maintenance—men who begin in overalls and rise by a ladder 

*R. H. Spahr, General Motors Institute of Technology, in Proceedings 


of Tenth Annual Meeting, American Association of Junior Colleges, Atlantic 
City, N. J., November, 1929. 
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which passes through foremanship to superintendance and ultimately to 
management. It affords the student a valid trial of aptitude and a nor- 
mal orientation to industry without necessitating a break in the continuity 
of education. The codperative plan eases the economic burdens on both 
the student and the school. It should be pointed out, however, that the 
codperative plan does not obviate in any large degree the need for ex- 
tensive scientific and technical equipment; in fact the demands on equip- 
ment in a technical institute are fully as intensive, if somewhat less 
varied, as in the engineering college.* 


In continental United States there were 13,787 A. S. C. E. 
members in 1931, 17,377 A. S. M. E. members in 1930, and 15,214 
A. I. E. E. members in 1931, a total of 46,738. Using the ratios 
given in Mr. Spahr’s paper, this total indicates a need for from 
117,000 to 140,000 engineers with semi-professional training. 
These figures disregard chemical, metallurgical, and mining engi- 
neers, and the many others not represented in the three societies 
used. Therefore, it does not seem an exaggeration to estimate that 
there is a real place in our industries for 200,000 engineers with 
semi-professional education. That this need is very inadequately 
provided for is obvious to all educators. 


PREVIOUS PROPOSALS 


Engineering educators have long recognized the need for semi- 
professional training and the desirability of modifying our system 
to provide periodic terminal points. In Volume XVI, 1908 of 
the 8S. P. E. E. Proceedings, Viadimir Karapetoff, Professor of 
Electrical Engineering, Cornell University, proposed a curriculum 
under the title ‘‘On the Concentric Method of Engineering Edu- 
eation.’’ His curriculum introduces engineering subjects in the 
freshman year and continues them throughout the course, nar- 
rowing, specializing, and intensifying as the student gains mastery 
of the scientific tools of his profession. He illustrates by a chart 
of concentric circles entitled ‘‘Concentrically Widening Students’ 
Mental Horizon.’’ 

Mr. Spahr, in his paper previously alluded to, quotes as follows 
from the catalog of the General Motors Institute of Technology : 


The first two years have been organized to provide training of such 
a nature that the student who ends his course at the end of this period 
may be prepared immediately for work of a technical nature, and in some 
eases for skilled mechanical, or minor supervisory positions. 

Attention has also been given in the organization of the curriculum for 
the first year in order to provide the student ending his course at this 


* Summary Report of A Study of Technical Institutes by The Society for 
the Promotion of Engineering Education, June, 1931. 
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point with a well-rounded training, of practical value, for employment 
in mechanical, operating, and, in some instances, detail drafting work in 
the plants. 


An attempt on the part of the engineering colleges to provide 
both types of training meets with some very practical difficulties. 
The first of these is the student himself. Once he has decided 
upon an engineering career, the best is none too good for him, 
therefore, he embarks upon the course leading to a degree. We 
engineering educators have not made it possible for him to complete 
a semi-professional program of engineering training which would 
also include the prerequisites for the professional one. Further- 
more, neither the student nor the engineering college can tell 
whether or not the high school graduate has the intellectual ¢a- 
pacity for the higher level, or the intelligence and practical ability 
for the lower. As the engineering curriculum now stands, the 
student must choose between the technical institute and the engi- 
neering college. If he chooses the institute, he can not go on to 
the college without much loss of time. If he chooses the college, 
he is not prepared for any kind of engineering work at the end 
of two years. 

Puan RECOMMENDED FOR OMAHA 


A few years ago the writer experimented with a curriculum 
which commenced with the third year in high school. Enough 
progress was made to indicate its practicability, therefore, last 
year, Mr. L. A. Hartley, formerly Director of Education for the 
National Foundrymen’s Association, worked out a detailed cur- 
riculum based upon the requirements for graduation from Akron 
high schools, the admission requirements of the University of 
Akron, and the engineering degree requisites in the latter insti- 
tution. This curriculum provided semi-professional engineering 
training for two full-time years in high school and two half-time, 
codperative years in the University of Akron. It satisfied the 
requirements for graduation from high school and entrance to 
the University at the end of the regular high school period, and 
also allowed the student properly qualified at the end of this 
four-year, semi-professional training period to complete the engi- 
neering degree course in three more years. (The codperative 
engineering course is five years in length.) 

The curriculum satisfied both the demands of semi-professional 
education and the prerequisites for the degree course by shifting 
the distribution of subjects between high school and college and 
by changing the order of some of the college courses. Shop work, 
mechanical drawing, English composition, trigonometry, survey- 
ing, mechanics, and at least part of inorganic chemistry were 
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included in the high school part. In the college, calculus was 
postponed until the third year and strength of materials, hy- 
draulies, machine design, electricity, etc., were to be taught without 
it. The caleulus, when taught, was to include the derivation of 
formulas already used empirically in the aforementioned engi- 
neering subjects. 

Obviously, such plan would not have been recommended for 
Omaha unless the University and the public schools had expressed 
their interest in it and their willingness to codperate in carrying 
it out. The plan recommended contemplates teaching trigonometry 
in the high school and solid geometry in the college if the latter 
is taught at all. 


Of 111 institutions reporting, 67, or 60 per cent, require solid geom- 
etry for admission to their engineering courses, while only 15, or 13% 
per cent, require trigonometry. This suggests my second question: Would 
not trigonometry be a better entrance requirement than solid geometry ? * 


Whatever may be the value of solid geometry as preparation for 
other engineering courses, I think there can be little doubt of its rela- 
tive worthlessness as preparation for college work in mathematics com- 
pared to the value of trigonometry. At Dartmouth College we do not 
require solid geometry for admission, nor do we teach it in the college. 
We have never felt the need of it anywhere in our mathematical courses. 
The space figures which need consideration in the ealeulus seem to offer 
no special difficulty, and instruction in solid analytic geometry proceeds 
smoothly without previous preparation in solid pure geometry.* 


Would it not a more logical arrangement to teach only plane 
mathematics in the secondary school and reserve the solid mathe- 
maties for the college? 

An objection will probably be raised to the teaching of engi- 
neering subjects (strength of materials, for example) before the 
student has attained mastery of the caleulus. An analysis of any 
modern textbook on strength of materials shows that with the 
exception of the derivation of the formulas for bending moment, 
torsion, moment of inertia, and radius of gyration, there is prac- 
ticalty no caleulus required until the problems in deflection are 
reached. These formulas can wait for proof until calculus is 
reached and then their derivation will enhance the realization of 
the utility of the subject. 

The advisability of placing some of the engineering subjects 
in the secondary school may also be questioned. Such procedure 

*««The Adjustment Between Secondary School and College Work in 


Mathematies,’’ by John W. Young, Professor of Mathematics, Dartmouth 
College, S. P. E. E. Journan, Vol. XXII, No. 7, March, 1932, | 
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will have two distinct advantages. It will be an extra incentive 
to the student who has inherent capacity for engineering work and 
will discourage the unfit one before he leaves high school. It will 
also help to decrease the duplication of high school work by the 
college. 


The departments in which the college offers considerable work classed 
as secondary, taking both amounts and percentages into account, are Eng- 
lish, most of the foreign languages, chemistry, and physics among the 
sciences, history, art, music, and the engineering and industrial group.* 

The amount and proportion of repetition for all subjects is shown in 
the lowest row of figures. On the basis of the assumptions as described, 
the latter turns out to be 14.9 per cent. However, owing to the conserva- 
tive character of most of these assumptions as pointed out in explaining 
the table, the actual repetition of materials can hardly be less than a full 
fifth of all the work taken in the high school by such a group of students. 
This is the equivalent of four-fifths of a high school year. Even after al- 
lowance is made for some measure of review to add to the fixation of 
fundamental skills accomplished only by means of extended drill, what re- 
mains is a big price to pay for attempts to divide secondary education 
between two separate institutions.* 


If there is a 20 per cent duplication and slightly more than 
half of it, 11% per cent, can be eliminated, then one complete year 
in a combination four-year secondary and five-year college course 
can be saved. Whether such result be viewed in terms of time 
saved, money saved, or increased ground covered, it is certainly an 
objective worth striving for. 


An IDEALISTIC DREAM 


Up to this point an attempt at least has been made to keep 
within the realm of the safe and sane. What follows is doubtless 
academic heresy and should not be hearkened to by any self-re- 
specting educator (edueationist, or educationalist, take your 
choice). 

It is obvious that the dual arrangement between the high school 
and the college here proposed for the Municipal University of 
Omaha and the Omaha high schools will never be adopted éxten- 
sively in other cities no matter how successful it might prove there. 
But if it does prove advantageous it may stimulate similar en- 
deavors in junior colleges and state universities. It is the dream of 
the writer to see a state system of education in which semi-profes- 
sional education on a codperative basis is provided in all the busi- 
ness and industrial centers through the medium of junior colleges 


*‘¢The Junior College,’’ by Leonard Vincent Koos, Ph.D. Published by 
the University, of Minnesota, May, 1924, Vol. IT. 
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with a curriculum arrangement codrdinated with the state univer- 
sity providing for the last three years of the degree course in the 
latter institution. These last three years would also be on the 
cooperative basis with alternating periods of quarters or semesters 
so that the student could continue his outside employment in his 
home community. Such a program could readily be operated, for 
example, in states like New Jersey and California. 

As further proof of the ‘‘Red’’ tendencies of the author 
(though probably none is needed) it is his firm conviction that the 
differential is in front of the radiator cap in our whole system of 
professional education. The mature mind of the educator proceeds 
naturally from the general to the specific. He grasps a broad 
fundamental truth and is able without difficulty to see its multifold 
applications and variations. Therefore, he plans his professional 
curriculum, both required and prerequisites, from that viewpoint. 
The engineering student must cover prerequisites in language, 
mathematics, science, ete., throughout four years in high school, 
then he must spend two years more in further preparation in col- 
lege, all with the promise, of finally, after six years, being given 
some instruction in engineering. This in face of the fact that the 
great majority of all actual engineering calculations can be made 
with no deeper foundation than that of arithmetic, trigonometry, 
and mechanies. Under such conditions, it is not strange that only 
forty per cent of engineering freshmen graduate; the miracle is 
that the percentage is so high. 

As educators we ‘seem to have overlooked the fact that the 
immature mind proceeds from the specific to the general, grasps a 
number and variety of applications, and then is capable of tying 
them together in a general law. When such an one decides that he 
wants to study engineering, he is not content to wait four or six 
years before he starts. An analysis of the subject matter in the 
curriculum of training for any profession, whether it be law, medi- 
cine, engineering, or what-not, will show that a very large propor- 
tion of it is NOT dependent upon four to eight years of previous 
education. Then why not start it earlier and give the more scien- 
tifie subjects as they are needed? 

At onee the objection is raised that such procedure involves 
a choice of vocation too early in life. This objection is really not 
nearly as serious as we have been wont to believe. In the first place, 
an early start in the study of a profession is perhaps as good from 
the standpoint of general education as the present diffusive and aim- 
less general training, and in the second place, how important is it 
that the average person choose just the right vocation? In other 
words, how serious is this ‘‘square plugs in round holes’’ complex 
which we have read so much about in recent years? 

33 
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Several years ago the writer picked out about fifty names of 
people who had been written up in a well-known magazine special- 
izing in biographies of the famous and successful, and wrote them 
asking whether they believed they could have been as successful in 
other lines of endeavor. The list included a minister and a ball 
player, an engineer and an author, a cook and a professor, ete. 
About thirty replied and all but one were perfectly sure that they 
could have succeeded equally well in several other vocations, and 
many of them were pursuing, creditably, avocations widely di- 
vergent from the activity which brought them into the spot light of 
this particular magazine. It is very probably true that the average 
person can do equally well in any one of many vocations. We need 
not worry about the genius, he will naturally gravitate to his par- 
ticular bent. 

In conelusion, while we are questioning nearly everything else 
in education, why not question the sequence of subjects? Perhaps 
interest may be increased by opening the service with the bene- 
diction. 








a ae oe ee 


a 








nes of 
pecial- 
» them 
ful in 
a ball 
r, ete. 
t they 
s, and 
ly di- 
cht of 
verage 
2 need 
S par- 


g else 
srhaps 
bene- 








DISCUSSION, ‘‘MODERN TRENDS IN ENGINEERING”’ 


Charles Derleth (University of California): I have been told 
that I might speak five minutes. What can I add to all this wis- 
dom displayed these past forty-eight hours? We have had stimu- 
lating addresses from General Rees and Dean Kimball. We are, 
I am sure, strongly in accord with their viewpoints and ambitions, 
yet each has emphasized a different trend for the vehicle of our 
accomplishments. 

Your program committee requested me to discuss the subject 
‘‘Business and Administrative Aspects of Engineering’’—the an- 
nounced title of Dean Kimball’s paper. But, yesterday, when I 
received from Dr. Kimball his manuscript it was headed ‘‘ Whither 
Engineering?’’ One might enlarge on this and say, ‘‘ Whither 
Life?’ I am beginning to think that this is not a society of engi- 
neering educators or administrators; this seems to be a society of 
philosophers. 

I feel a certain pride in being allowed five minutes to speak to 
you. I trust General Rees will not misunderstand my remarks. I 
agree heartily with his plans looking toward the future, but let us 
beware of too much regulation. Surely we will all agree that Plato 
had a profound intuition. He too had a plan. It was not entitled 
“‘Whither Engineering,’’ or ‘‘Whither Life.’’ His plan in the 
‘“‘Republie’’ concerned ‘‘ Whither the State.’’ He devised curricula 
in a large number of very inclusive departments. There were cer- 
tain men and women to be trained to procreate the state; others 
were to be instructed specifically to be soldiers and fighters, states- 
men and politicians, farmers, artisans, philosophers, and the like. 
Yet mankind apparently has not so far selected that type of State. 

At eritical times people sometimes train themselves. England 
at the time of the opening of the Crimean war developed the per- 
sonality of a Florence Nightingale. I think she studied few ecur- 
ricula that brought about her tremendous influence upon society. 
Her relatives practically disowned her as a woman who was not 
following the precepts of the Victorian age for a lady. She entered 
the tumult, went into the Balkans, and against opposition tried to 
bring succor to the butchery there. She returned to England a 
physical wreck but with a spiritual ideal that built the modern con- 
ception of hospital nursing and treatment. What curriculum had 
she satisfied? Leaders and experts are not made by complex cur- 
rieula. 

All of our great improvements have not come from previous 
471 
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planning. We have today curricula for women, called ‘‘home 
economies.’’ I imagine an enthusiast would want these women to 
have a very intensive course in engineering, because of so many 
electrical contraptions in our homes which are always getting out 
of order and are costing poor husbands so much money. 

Yes, we are all considering coordinated education in engineering, 
and in everything else, and with a vengeance. We are discussing to- 
day, it seems to me, a codrdinated life, and I hope none of us are 
forgetting that we are all differently endowed at birth. Even if 
we were equally endowed, we are different in taste and in our op- 
portunities, and in our faith. You can manufacture a top, you can 
wind it and it will spin, but after that the child must keep on spin- 
ning it. 

We have been discussing the problems of the university to train 
apprentice engineers, and we also have in mind the necessary train- 
ing that that individual later should receive from industry, or from 
whatever vocation he seeks to follow. We likewise have in mind 
what he, himself, must do in self training. 

I sometimes wonder, as I digress here, Dean Kimball, whether 
it really is necessarily true that there are not going to be funda- 
mental inventions in the immediate future. We do not know. I 
think of Maxwell who, in one of his very fetching papers toward 
the close of his life, said he was happy he had lived in that par- 
ticular period where physics had given the final solutions to the 
riddle of the universe and had established the details upon the 
foundation which Newton had built. Yet within twenty years of 
Maxwell’s death we had x-rays, airships, the radio, electrons, 
protons and Einstein. There is a relativity in our affairs. We are 
looking through a kaleidoscope. Some of us are turning it one way, 
and some another. We all see beautiful pictures, though they are 
different. Yet they are all related. 

Professor Kimball, in one of our recent journals, has listed 
among the ever increasing numbers of curricula a proposed course 
in ‘‘administrative engineering,’’ and if I mistake not its emphasis 
is upon that training which ha has so ably defined as necessary for 
management in industry. A wide outlook, too, is needed for the 
free lance consulting engineer who is so rapidly becoming almost 
extinct. 

In a nearby city on this coast the people were misguided into 
voting recently that they would not have disposal of garbage and 
refuse at sea, or by eut and cover. They were led to vote on a 
technical question that they did not understand, and decided that 
they must have an incinerator. The garbage collector group said 
the incinerator would not work. After twenty years it has been 
discovered that it does not work. Perhaps it could if it had a 
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chance. Very recently that city selected prominent and competent 
health officers, doctors, and sanitary engineers, men doubtless who 
had had almost a seventeen years’ course in some university. These 
men will never solve the problem if they merely restrict themselves 
to the purely technical aspects of that problem. The real question 
at issue is to find someone who knows about medicine and health 
and engineering who will be able to go through the back doors and 
ramifications of the society in that city and bring together the boss 
Italian at the head of the refuse group, the leaders of certain down- 
town associations and improvement clubs and cause them to put 
their heads together to find out how it may be arranged so that the 
refuse collectors will still have their job and the city still get cer- 
tain technical improvements. It requires a man of wide public 
interest and insight who understands the psychology of human 
nature. Have we a curriculum for him? 

Are we to say that every technical school in this country must, 
perforce, develop long series of curricula and require every indi- 
vidual student, man and woman, no matter how endowed, to pur- 
sue these curricula? It cannot be done, as I said yesterday. 

I might give many examples. You can give them, too. 

There is another great city on the Pacific Coast that wants to 
build the longest and perhaps the greatest bridge in the world. 
It can get easily the best engineers in the country to design deep 
foundations and long-span cable super-structures; and yet it may 
never build a bridge unless it can do what? Bring the community, 
the interests behind ferries and behind local and suburban railroads 
together into a program with a financial structure that will cause 
them all to work together in harmony and have some of them wil- 
lingly lose something at the same time that the community as a 
whole benefits. 

Who is to be the city’s leader? He may come from any group 
of people. He may never have seen a university. Therefore, in 
conclusion (and I know I.am speaking too long), it is my convic- 
tion that we should say ‘‘ Amen, and God bless you,’’ to these 
schemes for planning. Let us have them. But let us be on our 
guard lest we destroy an elastic educational structure, whereby we 
have junior colleges and high schools and technical institutes, night 
schools, and correspondence courses, as well as universities and 
graduate research departments. All have their place. Like an 
army, or like any other group, we must not train all our engineers 
to be generals or bank presidents. We need leaders, officers; but 
we need also a great many privates; our inspectors, timekeepers, 
surveyors, cost accountants, etc., who more and more must be men 
who are specially trained. They too are in a position of trust and 
responsibility ; they must be trained; but not till they are old men. 
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We want an elastic organization. I am one of those who be- 
lieves firmly in change, but also that we should be slow to give up 
a tried institution. I think a great majority of those who have been 
found fitted for advanced instruction still should not have more 
than a four years’ engineering curriculum, and it should consist es- 
sentially of fundamentals in science and technology and not of 
general subjects. 

Our engineering institutions of the future should give oppor- 
tunity to the selected few who have completed a four years’ under- 
graduate instruction and let them stay a fifth and even a sixth year, 
not necessarily for degrees; men who see the wisdom and who have 
the time, the money, the purpose and the capacity to do more than 
just fundamentals. Let them blend the pure science fundamentals 
in application to thermodynamics, strength of materials, mechanies, 
electrical, mechanical and civil engineering. 

Above that, you can still have more graduate instruction and 
research both in the university and in industry and in after life 
for any men who have the vision and the capacity to do unusual 
things. We should study until we reach the grave, those of us who 
get anywhere. And those who are found lacking are those who 
do not know how to lead themselves. It is folly to insist that we 
shall have a uniform system of instruction of great intensity and 
complexity which shall be followed by everybody. Therefore, I 
say in conclusion that what we want is an elastic structure in our 
school and university systems. It is well if different schools are 
different. Variety is the spice of life. We must be careful lest by 
too much planning we get too much uniformity, no initiative, too 
much restriction, state and federal regulation, too much registra- 
tion, and still more planning. 

H. 8. Rogers (Oregon State College): This discussion is in- 
deed very intriguing. I seem to be unbounded by the topies which 
have been covered by previous speakers. The widest range is most 
certainly open to me in a discussion of this paper and the comments 
made upon it. 

Does not the previous discussion suggest that we are turning 
our attention rather from the field of engineering itself to the field 
of thought of the engineer? We are beginning to philosophize upon 
his thought processes. We are looking in toward his mental aec- 
tivities. Is it not time for us to get a quantitative picture, if pos- 
sible, of what engineering is in its way of thinking, of how it is 
differentiated from that thinking which the philosopher does from 
that thinking which the scholar of arts and letters does, of how it 
is characterized by its one dominant quality, the application of 
generic principles to the constructive solution of problems? 

After all, engineering is characterized by its purpose and by its 
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processes. The discussion which we had night before last in the 
Council meeting on what research should be and what requirements 
should be necessary for a graduate degree, brought up very clearly, 
I think, the fact that one who in engineering is to obtain a grad- 
uate degree should make some new application at least, some cre- 
ative application of the great generic principles of engineering. 

Is it not true that one trained in any branch of engineering, for 
example, one who has become a master of civil engineering, founded 
as it is pretty largely upon applied mechanics, applied to solids, 
and applied to liquids, understands what all other engineers are 
doing by the process of analogy, although he may not understand 
the fundamental principles which they use ? 

Our great problem in engineering education, is, therefore, to 
preserve those elements in our program which are distinctive and 
characteristic of engineering? Are these not embodied in the group 
of courses which constitute the training men must pursue in order 
to master fundamental principles of mechanies, electricity or heat 
and to understand their application to the constructive solution of 
problems ? 

Certain portions of all curricula, whether they be organized one 
way or another, [ think is immaterial. A certain fundamental back- 
bone of each curriculum must be maintained to develop that par- 
ticular type of thought and to emphasize the constructive applica- 
tion of engineering principles. After we have done this, we have 
opportunity for developing at least some orientation in the ap- 
proach to the administrative and business aspects of engineering. 

I doubt very seriously if we can accomplish what we feel neces- 
sary as the distinctive part of an engineer’s training and do very 
much in the field of administration in four years. Certainly, how- 
ever, when young men are plastic, when they are receptive to new 
ideas, when they are seeking orientation we should give them that 
orientation which is necessary to direct their attention and their 
thoughts toward the problems of business and administration, so 
that as these are encountered in their engineering practice and ex- 
perience after graduation they will be able to assimilate their ex- 
periences in an orderly and recognized manner. 

A year ago last fall I was riding from Cleveland to Pittsburgh 
with a bishop of the Episcopal Church. He was telling me about 
his work in Kenyon College, an Episcopal seminary in Ohio, and 
he was telling me about his desire to influence the young men in 
that seminary. He said he had three great objectives: one, to see 
that they were thoroughly schooled in their theology and in the 
eanons of the church; one, to see that they were indoctrinated in 
the viewpoint of the church; another, to see that they lived devout 
and Christian lives. 
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I began to laugh and he said, ‘‘ What is humorous about that ?’’ 

I said, ‘‘The humor of that, to me, is that that is the picture I 
have drawn for myself of engineering education: a mastery of 
some field of engineering principles and practice, recognizing the 
limitations, of course, in the mastery of practice; a discipline in 
devout engineering lives, that is in the methods and habits which 
characterize engineering thought; and a viewpoint of engineering 
with relationship to industry and economies, and the social strue- 
ture as a whole. That is exactly the same picture which you have 
been describing to me.’’ 

Now I wonder if that is not the picture we will find in every 
form of education: a mastery of the tools and of the practices; a 
discipline of the personality and of the individuality; and the 
philosophy of service of that particular profession. We have gone 
fairly well along our course in the first two. As soon as Dean Der- 
leth began talking this morning I knew we were making progress 
in the third in the philosophy of engineering thought. 

C. E. Magnusson (University of Washington) : Dean Kimball 
has made a notable contribution to the proceedings of this con- 
vention by presenting in almost slogan form ideas that bring into 
bold relief important trends and developments in the engineering 
field. On page three of the typewritten copy of Dean Kimball’s 
paper it is stated: ‘‘ Engineering appears to have become a method 
of thinking or rather a method of accomplishing results in a man- 
ner never before known to mankind.’’ 

A method of thinking or a method of accomplishing results: 
either form may well be considered an epitome of the essential 
nature of engineering education and in a measure the whole engi- 
neering profession in America. For we use the word engineer not 
only as a noun but also as a verb. We engineer a business deal, a 
political convention, a bill through Congress and, in fact, almost 
any enterprise. We even engineer a dance or a revival. 

To engineer, a method of accomplishing results, means essen- 
tially the same as to manage, but under one very important quali- 
fication—it must be done successfully. To engineer implies the 
gaining of the desired objective—that is, a successful method of 
accomplishing results. We never engineer a fiasco. 

Engineering, as a noun, is a field of study, a profession, or the 
art and science of utilizing natural resourees. However, Dean Kim- 
ball stated that in essence engineering is a method of thinking, 
and in this I heartily coneur. Assuredly a method of thinking is 
the core. the essence, of engineering education. The value of four 
years in college is not measured by the mass of information aceumu- 
lated by the student, but by the power acquired to think logically 
in engineering terms, that is, mastering the engineering method of 
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accomplishing results. It is of litthke moment whether or not the 
graduate can readily integrate a differential equation without re- 
ferring to a book, but it is of vital importance that he shall, not 
only understand the caleulus notation, but be able to think of prac- 
tical engineering problems by the calculus method. The rapid 
routine of solving equations can to best advantage be acquired on 
the job, but the method of thinking should be gained in college. 
This, I take it, is the fundamental reason for set courses in engi- 
neering curricula. In set courses, or fixed curricula, the process 
of training students in methods of thinking is the main objective, 
while comparatively little time and effort are expended in the mere 
accumulation of information. By means of fixed curricula we have 
kept that which the colleges of the arts and sciences long ago lost 
by the ruinous elective system. From the first day in the Fresh- 
man year, in a properly constructed engineering curriculum, to the 
final senior examination, every course stands for a definite pur- 
pose—in fact, forms an element in the engineering method of ac- 
complishing results that should be aequired by the student when in 
college. The freshmen taking algebra are advised that to secure a 
satisfactory grade at the end of the quarter is merely a side issue, 
that the algebra must be mastered in order that it may be used later 
as a tool; that a good working knowledge of algebra is essential, not 
only in the other courses in the curriculum, but also in professional 
work after graduation. Similarly for physics, chemistry, calculus, 
mechanics, alternating currents and all the required courses—the 
laws and principles and methods are mastered in order to be used 
in the more advanced courses in college and in professional work 
after graduation. The curriculum is not merely a set of mental 
hurdles to be cleared, but the laws and principles and methods of 
thinking covered by the curriculum are mastered for use, not only 
in college but throughout life. : 

Dean Kimball notes with apprehension the probable permanent 
decrease in demand for engineering graduates in our industries on 
the basis that the rapid industrial expansion, which during the 
past three decades created an ever increasing demand for tech- 
nically trained men, will not be resumed in the future. While it is 
highly probable that the rate of expansion in our industries will 
decrease, this need not necessarily result in a lessened demand for 
trained engineers. The engineering colleges can ovreome the de- 
ereasing demand in the industries by expanding their markets. As 
a matter of fact, this expansion is well under way. In this morn- 
ing’s session Dean Kimball asserted that 75 per cent of engineer- 
ing graduates in the United States are, even now, in executive 
work; superintendents, managers, presidents, some position or 
other, in which the work is largely of an administrative character. 
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This means that the market for the output of engineering colleges 
has expanded ; that already a large number of engineers have gained 
highly responsible positions in fields for which they had no direct 
training in college; that the engineering method of thinking, the 
engineering method of accomplishing results is a winner in fields 
far remote from engineering proper. Most assuredly more engi- 
neer-superintendents and engineer-managers are needed. Remem- 
ber the verb to engineer means to direct, to handle, to operate, to 
manage successfully. 

A short time ago I discussed organized research with the Di- 
rector of one of our large research laboratories. On the personnel 
phase he made quite a point of the fact that practically all the men 
in direct charge of research problems in his organization were 
physicists, not engineers. Here is an occupational field open to 
engineering graduates. For I am strongly of the opinion that no 
better undergraduate preparation for future research-physicists 
ean be found than the regular four year course in Electrical Engi- 
neering. Moreover the future calls not only for engineer-physicists 
but engineer-chemists, engineer-mathematicians and even more for 
engineer-economists and engineer-statesmen. In fact there is an 
urgent need for the engineering method of thinking, the engineer- 
ing method of accomplishing results, of successfully gaining de- 
sired objectives in many fields besides engineering. I believe that 
the training in quantitative logical thinking as given in regular 
engineering curricula would, in very many cases, be the best pos- 
sible, not only for engineers, physicists and chemists but also for 
future economists and financiers. 

The world is emerging from the machine age during which the 
efforts of the engineers have been directed almost exclusively to the 
design, construction and operation of machinery, and entering on 
a new era, the engineering age, in which the engineer will come into 
his own, in which the engineering method of thinking, the method 
of accomplishing results will be the outstanding characteristic in 
many important fields of human endeavor. 
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THE YOUNG ENGINEER AND HIS ENGLISH * 


By ROBERT I. REES, 


Assistant Vice President, American Telephone and Telegraph Company 


When I accepted Professor Hammond’s invitation to talk to 
this group on the subject ‘‘The Young Engineer and His English,’’ 
I resolved that I must obtain substantial supporting evidence for 
any opinions I might express to you. Generalization from a few 
striking instances is too frequent and too easy in dealing with such 
a topic. Even sharp criticism of teaching methods and their re- 
sults often rests on no more secure a foundation. Precise measure- 
ments may be impossible but it is not impossible to obtain fairly 
objective judgments from a representative group of individuals 
who are in intimate contact with the problems this subject implies. 

There is, of course, some evidence of this character already 
available. The investigation of engineering education conducted 
by this Society a few years ago obtained the opinions of over 500 
members of engineering faculties and several thousand graduates 
in engineering, concerning the importance of training in English. 
In brief, over 95 per cent of the faculty members considered Eng- 
lish Composition to be of primary importance as a fundamental 
element in all engineering curricula. English Speech was thought 
of primary importance by 75 per cent, and English Literature was 
so considered by 45 per cent of these men. Two-thirds of them, 
moreover, thought that courses of purely cultural value should be 
required in engineering curricula and half of them recommended 
Literature as an especially valuable element in their cultural con- 
tent. Although the graduates ranked cultural subjects last in 
importance after those of a scientific, technical and economic char- 
acter, over 60 per cent of that group thought them indispensable 
or of considerable value. One-quarter of these men believed that 
more attention should be given to English in college. A similar 
proportion were continuing their study of it after graduation. 

These data conclusively support the general opinion that Eng- 
lish training is of major importance to the young engineer, and at 
least suggest that more emphasis should be placed upon it in the 
engineering curricula. They do not indicate whether the engi- 
neering graduate has been handicapped in his work by inadequate 

* An address delivered before the English Session of the Society’s Summer 
School for Engineering Teachers, The Ohio State University, July 26, 1932. 
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training in English and, if so, how that training might be 
strengthened. Further evidence on these and similar points 
seemed most desirable, and it is this which I have attempted to 
secure. In doing so, I have drawn upon three groups of men: (1) 
about 400 engineering graduates less than five years out of college, 
now employed in the several Bell System Companies; (2) about 
90 supervisors of such men, who come into intimate contact with 
their work; (3) a few Deans of graduate schools in which both 
engineering and other college graduates are enrolled in some num- 
bers. In the case of the first two groups, rather formal question- 
naires were submitted, permitting tabulation of the replies, but 
individual comments were also invited. From the Deans, only 
general statements were requested. 

Care was taken to have the graduates replying to these ques- 
tionnaires representative of all such men in our organizations, 
rather than selected men of above average ability. We believe, 
however, that there is some evidence which indicates that they are 
above the average of their college classes. In the case of the super- 
visors, however, we endeavored to select men likely to be especially 
discriminating and thoughtful in their replies. 


THE Point oF VIEW OF THE RECENT GRADUATE 


The specific results of the questionnaire to recent graduates 
were as follows: 


QUESTION 1: Please enumerate the definite uses which you have in your work 
for written or spoken English, indicating about what proportion of your 
working time is spent in those particular activities. 

ANSWER: About 25 per cent of the working time of these men is spent in 
preparing letters, memcranda, reports, and other written material. 
Slightly over 20 per cent of their time is spent in contacts with the 
public or with their supervisors and other employees of the Company. 
Naturally, these proportions vary in individual cases, but on the whole, 
it is evident that in the Bell System, young engineering graduates 
spend nearly half their time in work which requires the use of written 
or spoken English. 

QUESTION 2: Has the preparation of letters, memoranda, and written reports 
been more difficult for you than other phases of your work? 

ANSWER: Nearly 40 per cent of these men replied in the affirmative, and 
slightly over 60 per cent replied in the negative to this question. That 
two-fifths of them should find their written work more difficult than 
other parts of it is hardly surprising. I am not certain we should not 
find similar results even among a group of teachers of English. 

QUESTION 3: Have your supervisors found it necessary to revise, not the facts 
or reasoning of these letters and reports, but the way in which your 
thought was expressed? If so, has this occurred (a) frequently, (b) 
oceasionally, (c) seldom? 

ANSWER: About 10 per cent of the men stated that frequent correction of their 

written material was necessary; somewhat over 50 per cent stated that 

it occurred occasionally; and rather less than 40 per cent said that it 
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occurred but seldom. On the whole, this seems encouraging, as we may 
judge that only a relatively small proportion have serious difficulty with 
their written reports. In some cases too, corrections by supervisors may 
be arbitrary or based on formal rules; in any event, certain of the 
graduates feel that this is true. 

QuEsTION 4: Do you find it difficult to express your ideas orally in individual 
conferences with your supervisor or in group conferences? 

ANSWER: 30 per cent of the men replying answered in the affirmative and 
70 per cent in the negative. The number of men who find this sort of 
expression difficult is rather less than in the case of written work. My 
feeling is that this percentage may be more disturbing than in the 
former case. 

QUESTION 5: Do you feel that college graduates in Arts and Science or Busi- 
ness Administration are able to express themselves more easily and 
effectively than you are (a) in writing? (b) orally? 

ANSWER: In the case of both writing and speaking, slightly less than half the 
men felt inferior to the Arts and Science or Business Administration 
graduates, with slightly more than half feeling no such deficiency. 
Many of the men too, stated that this was probably due to the types of 
men who undertook the different college curricula, rather than to the 
content of their college courses. 

QUESTION 6: Would you favor more emphasis on English in the engineering 
curriculum? If more emphasis is to be given to English, do you be- 
lieve that more time should be devoted to definite instruction in (a) 
composition? (b) speaking? (c) literature? 

ANSWER: 90 per cent of the men answered the first part of this question 

in the affirmative. Something over 80 per cent favored more emphasis 
on composition, and a slightly larger proportion favored more emphasis 
on speaking. Only 25 per cent, however, felt that more time should be 
devoted to literature. 
There is a clear demarcation here. Evidently the engineering graduate 
believes in pursuing the thing whieh he is after directly, and is skepti- 
cal of the incidental values which literature might bring him. For my 
own part, I am not sure that range of vocabulary and quality of style 
can be gained without more contact with great literature. If I should 
be correct in this, a distinct challenge is presented to the teacher of 
literature in engineering schools to arouse his students to an apprecia- 
tion of its worth. 

QUESTION 7: To what extent do you feel that effective results could also be 
obtained by stressing better writing and speaking in classes other than 
English? 

ANSWER: About 13 per cent of the men replying felt that no, or very little 
value could be gained in this way. Half of them expected some value 
from it, and the remainder expected a good deal of value. It is inter- 
esting to compare these results with the decidedly frequent suggestion 
from the supervisors that this method of attack would be decidedly 
worthwhile. 

QUESTION 8: Do you believe that the quality of instruction you received in 
English at college was as high as that received in your technical sub- 
jects? 

ANSWER: Slightly more than half of the men answered ‘‘yes’’ to this ques- 

tion, but nearly half felt that they obtained better instruction in their 

technical subjects. Here again, the question of major interest on the 
part of men pursuing engineering courses comes into play. Many of 
them, with less interest in the subject of English, may feel that the 
ealiber of the instruction in it is not high. 
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QUESTION 9: Was there any tendency at your institution to regard English 
courses as of minor importance (@) on the part of the students? (b) on 
the part of the faculty? 

ANSWER: Nearly 90 per cent of the men agreed that the students considered 
English courses of little importance, but less than 30 per cent felt that 
the faculty had shared this opinion. 

QUESTION 10: Please describe your own attitude toward its importance when 
you entered college, during your senior year, and at present. 

ANSWER: The answers to this question throw a good deal of light on the replies 
to the preceding one. A large majority of the men said the English 
seemed of little importance during the freshman year; that by senior 
year its importance had become apparent, and they now feel that it 
was very important indeed, in fact approaches their technical work in 
importance. 

QUESTION 11: Please give any general comments you may have concerning 
training in English for engineering students, which have not been 
covered in the preceding questions. 

ANSWER: A large proportion of the men desire that more emphasis be placed 
on the importance of English by faculty, alumni, and business men with 
whom students come in contact, in order that they may recognize, dur- 
ing their college course, the need for devoting more attention to it. 
The implication is that these men feel they have missed something which 
they could have gained if they had only had a somewhat different point 
of view during their college course. In faet, some of these men felt 
that English should be taught during the entire four years and that, if 

necessary to accomplish this, the engineering course should be lengthened. 
Many different opinions were expressed concerning changes in the 
methods of teaching English to engineers. One suggestion was that 
English should be taught by instructors directly connected with the 
engineering department, who would then have more understanding of 
the interests of engineering students. On the contrary, another man 
suggested that the examinations in engineering subjects should be cor- 
rected both by engineering professors and English professors, for errors 
in expression. Some men feel that the trouble has been in the English 
preparation obtained in high school. Others favor special courses in 
letter writing and many suggest such courses in public speaking. One 
man believed that the cultural side of English should be stressed in 
order to develop the habit of wide reading. Ancther man suggested 
that a course in English should be given in the senior rather than in 
the freshman year, while still another man felt that the training in 
English could best be obtained through courses pursued after gradua- 
tion. A wholesome warning against over-emphasis on the importance 
of English was voiced by one man who agreed that it was important, 
but secondary in value to ‘‘accuracy and truthfulness.’’ 


In general, the replies of the young engineering graduates in 
the Bell Telephone Company of Canada paralleled those of the 
men in the United States very closely. Somewhat higher per- 
centages of the Canadians, however, were skeptical of the quality 
of the English instruction there, and believed that it was considered 
of minor importance by both faculty and students. Their super- 
visors, on the other hand, were quite as well satisfied with their 
use of English as those in the United States. 
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THE PoINT oF VIEW OF THE SUPERVISOR 


Among the supervisors of recent engineering graduates who 
replied to the questionnaire addressed to them, are a number of 
men who are responsible for the introduction of college graduates 
into the telephone business and for the conduct of their preliminary 
training course. One of these men furnished us a controlled ex- 
periment, which serves as an admirable check on the results ob- 
tained from the others, by carefully analyzing the written reports 
of sixty-four such men and the talks of twenty-four who attend 
regular luncheon club meetings at which both formal and in- 
formal discussions are held. We have, therefore, obtained the 
opinions of about ninety carefully selected supervisors in the Bell 
System, who have something over 2700 such graduates in their 
organizations, and the results of the controlled experiment for a 
small group. In giving you the replies which were obtained from 
the supervisors’ questionnaire, I shall speak of the results obtained 
from this special group separately. 

The questionnaire sent to the supervisors was given the title, 
“The Effectiveness of English used by Engineering Graduates,’’ 
and the following preliminary paragraph was included to amplify 
the terms used in the individual questions and to help in their 
interpretation : 

‘* Effective English, either written or spoken, must be correct, clear, 
and, when appropriate to its purpose, convincing. Correctness is a matter 
of grammar, spelling, and pronunciation. Clarity is gained by the use 
of words that are not ambiguous, sentences that are never unnecessarily 
long or complex, and paragraphs that express unity of thought. Con- 
viction is obtained by range of vocabulary, aptness of illustration, vigor of 
style, and organization of thought.’’ 


The specific questions and answers to this questionnaire follow: 


QUESTION 1: Of the engineering graduates in your organization who have 
finished college within the past five years, about what proportion (4) 
in their memoranda, letters, and written reports, use English that is (a) 
correct? (b) clear? (c) convincing? (B) in individual and group con- 
ferences speak (a) correctly? (b) clearly? (c) convincingly? 

ANSWER: In the opinion of these supervisors, 75 per cent of the recent engi- 
neering graduates in this organization write English that is correct, 
64 per cent use English that is clear and 50 per cent use English that is 
convincing. On the other hand, in their opinion, a somewhat smaller 
percentage in each case speak correctly, clearly and convincingly. 
One or two comments concerning this question are significant. With 
regard to convincing written English, one man stated ‘‘With us con- 
viction is a matter of reliability of data and validity of the deduction 
process, rather than method of expression. Organization of thought 
and range of vocabulary are conducive to clarity rather than to con- 
viction. We are too close to the fundamentals of physies to be helped 
much by verbal salesmanship.’’ Obviously our questionnaire was not 

phrased exactly enough to please everyone, 
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Another man writes, ‘‘I have read practically all of the reports pre- 
pared by our recruits after successive training courses. I have found 
grammatical errors, poor diction, ambiguity, limited vocabulary and 
failure to develop subjects logically, to a degree that I have felt dis- 
appointment in about 50 per cent of them and have been shocked in 
perhaps 5 per cent. I think, however, that they speak better than they 
write. ’’ 

So far as written work was concerned the percentages of correct, clear, 
and convincing English found in the small control group corresponds 
almost exactly with those obtained from the whole set of questionnaires. 
In this special group, however, the percentage of men who spoke cor- 
rectly, clearly, and convincingly was slightly less than 50 in each case 
—appreciably lower than seemed to be true for the larger number, but 
the standard of judgment may have been more exacting. 

QUESTION 2: If possible, please state the specific defects, such as poor sen- 
tence structure, incorrect spelling, ete., which you have noted in the 
English used by these men and, if you wish, suggest ways in which 
these defects could have been overcome during their college days. 

ANSWER: In the replies most frequent mention was made of poor sentence 
structure, limited vocabulary and poor organization of material. One 
man wrote, ‘‘The engineer seems to have an over-developed faculty for 
making any subject dry reading. He frequently substitutes long, weak 
phrases or perhaps sentences for well chosen adjectives.’’ Another 
states, ‘‘The foundation of clear writing is clear thinking.’’ 

A third man writes, ‘‘Of specific defects in style, I should say that 
awkward and unwieldy sentence structure was probably the most prev- 
alent and the most serious, as it always interferes with ease of reading, 
and often makes the meaning obscure. The following is an example, 
particularly weak because it is the first sentence of a paragraph, and 
should supply an easy transition from what has gone before: ‘‘In 
measuring these trunks, the end in view was not to record the balance 
obtained on each individual circuit but rather to gain an idea of the 
performance of a large group of tandem trunks of which these are 
typical examples.’’ This sentence is not exactly ungrammatical, nor is 
it unintelligible if carefully read; but it requires at least two readings 
to be sure of the precise meaning. Many sentences contain too many 
ideas, or too many words, or both; while many others are obscure for 
lack of a few necessary words, or on account of awkward gram- 
matical construction. The same is true of paragraphs, and of entire 
memoranda.’’ 

In the small control group the most frequent defects found were in- 
correct spelling, poor choice of words, excessive use of adjectives, loose 
wording of sentences, unnecessarily long sentences, and poor para- 
graphing. 

QUESTION 3: If your experience permits comparison, do you believe that the 
English used by the recent graduates in Engineering is inferior to that 
used by (4) the recent graduate in Arts and Science? (B) the recent 
graduate in Business Administration? Please mention specific points 
at which you feel these graduates differ from those in Engineering in 
their use of English. 

Answer: Of the supervisors’ replies to this questionnaire, about two-thirds 
felt that the English of the recent graduates in arts and science was 
superior to that of recent graduates in engineering, and about half of 
these men felt that the recent graduates in business administration 
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} pre- were also better in this respect than the engineers. In general, greater 
found ease of speaking and better choice of words characterize the graduates 
and of curricula other than engineering. One man writes, ‘‘In general I 
; dis- believe that at least two-thirds of our young engineers do a good me- 
ed in chanical job in their written and spoken English. I do not think they 
they have as wide a vocabulary or the variety of phrasing at their command 
as is usually possessed by the better arts graduates, but that on the 
clear, other hand, engineers are much superior in their logical presentation of 
vonds facts and arrangement of material.’’ 
aires. The man who studied the small special group of graduates believes that 
F pest the English of the recent graduate in arts and science is superior to the 
case engineering graduate, but that there is no difference in this respect 
» but between the engineering graduate and the graduate in business admin- 
istration. His statement is as follows. ‘‘ Academic graduates in gen- 
wom eral seem to have an unlimited vocabulary and a ready fund of literary 
; the references which lend color and force to their English. They usually 
vhich are better able to choose and apply words well adapted to the shading 
of thought and are inclined towards brevity and humor. Engineers 
tence usually are lacking in these qualities and tend strongly toward exact- 
One ness, comprehensiveness and rigidity.’’ My feeling is that this man 
; for has been most fortunate in his contacts with academic graduates. 
weak QuESTION 4: Please give any general comments you may have concerning the 
other training in English at engineering colleges and their graduates’ use of 
English which have not been covered in the preceding questions. 
that ANSWER: The answers to this question represent so many different points of 
prev- view that it is almost impossible to summarize them. A number of the 
ling, supervisors feel that public speaking should be stressed, and an even 
nple, larger number believe that students’ college reports should be criticized 
and very definitely for their mistakes in English. With these exceptions, 
“*In however, the brief quotations which follow are much more significant 
ance than any attempt at summary. 
the 
are One man, responsible for a wide range of personnel activities 
or is including supervision of employment and training of college men 
ings in one of our Companies, makes these comments, after alleging that 
— he received poor preparation in English at an engineering college: 
ram- ‘*T believe that most engineering colleges could very profitably give 


itire more consideration to the broad objective of developing greater ability in 
expression, both oral and written. I personally question the plan usually 
followed of adapting the conventional arts school English course to 
young engineers. There seems to be an aversion to the classical English 
course which is inherent in the engineering type of mind. Even the 
selection of textbooks and theme subjects, and assignments of collateral 
reading in literature are antagonistic to the technical man’s interests and 


ara- 


Bi: aptitudes. I believe that there is sufficient good literature in the form of 
nent biography or scientific and technical exposition to supplant many of the 
ints elassies in the collateral reading assignments. 

» in ‘¢. .. There are advantages to be gained in making every engineer- 
: ing faculty man an English instructor. I would urge that a separate 
ted system of marks be given in courses other than the English course itself, 
was for ability in expression, both oral and written. In other words, make 


every written laboratory report also a theme in English for grading; 
similarly, make every recitation a drill in public speaking or conference 
technique. Moreover, a little letter writing practice might be beneficial. 
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I suggest such exercise as the preparation of letters of transmittal for 
each laboratory report, with alibis for their lateness more carefully and 
formally phrased. 


‘*T might also add that an active interest in student branches of the 
technical societies or in literary societies should be encouraged to the 
extent of their carrying some credit toward the requirements for a 


degree.’’ 


A supervising engineer in a research and development organiza- 


tion puts it thus: 


‘¢Tt is my feeling that in general our educational system falls down 
throughout its course in the lack of attention which is given to instruction 
in the use of English as a tool for expression. I am inclined to go so far 
as to suggest that in view of the limited time available in preparatory 
school and college work, the compulsory study of foreign languages should 
be materially curtailed in order to permit more time to be given to Eng- 
lish expression and to the study of such background subjects as logic and 
psychology and to the critical analysis of the methods and manner of 
expression used by recognized experts. It has been my experience that in 
the study of English literature too little attention has been given to such 
analysis. This is probably natural because it requires more skill and 
effort on the part of the instructor.’’ 


One of his associates writes as follows: 


** What I do find lacking in the case of more than half of the younger 
engineers is ability to explain a proposition either verbally or in writing 
in such a way that an individual or a group can acquire an understanding 
of the essentials in reasonable time and without considerable cross ex- 
amination. The fault is usually failure to appreciate what is already 
known about the subject at hand and just what has been contributed by 
the young engineer in the way of important new information. 

‘*Another trouble is failure to appreciate that (particularly in a 
large organization) it is sometimes necessary to do a lot of work simply 
to boil down knowledge. A 40-page report may be in excellent literary 
style, but very bad from an engineering point of view if for the purpose 
at hand the essential information could have been given in, say, one page.’’ 


Another man responsible for college employment and training 
this to say : 

‘*The great difficulty seems to be that interest in good English is 
pretty much restricted to the teachers of that subject. The teachers of 
other subjects in the schools and colleges do not adhere to its use as con- 
sistently as one might expect and do not make a sufficient effort to impress 
upon their students the importance of such usage. 

‘*. , . It seems to me that the establishment of an English course in 
an engineering school cannot be a solution of the problem unless very direct 
codperation of the professors of other subjects can be enlisted to con- 
stantly impress upon the minds of students through example and suggestion 
the importance of this very essential part of their education and develop- 
ment,’? 
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A specific suggestion comes from this engineer who writes: 


‘*Tt would probably help if the students in the colleges were given 
more training in writing material which consisted in explaining or report 
ing on something to an audience which had little detailed knowledge of 


[an ? 
€ the the subject matter. 


Bes: Finally, these pungent remarks came from a scientist who has 
done much writing and speaking himself : 


‘*T know of only one way in which defects in English may be corrected 
and that is to wish to correct them. Conviction of sin and desire to re- 
form are essential. Given that attitude of mind, it remains only to select 
one or two defects and to concentrate upon them until the proper habit 


fows has been established. When that is finished, another selection may be 


ti ; 

: rt made. If more than two or, at the most, three solecisms are selected, the 
Foss effort to reform is too diffuse and usually futile.’’ 

ould me > . - 

Eng. THE Pornt or View oF DEANS IN GRADUATE SCHOOLS 

- and - 

tag It proved rather difficult to find many deans of graduate schools 


at in who have a great deal of contact with engineering graduates as well 
such as those from other types of college curricula. Two such schools 
and are Law Schools which specialise in the patent field. The Dean of 
one of them has written that he has never had any occasion to make 
differentiation between the quality of the English used by engineer- 

ing students and that of students from other college courses. The 


nger : 
eo 5 Dean of the other makes the following statement : 

ding ‘*Our experience with such men in their written examinations and in 
et oral work in the class room shows that in their use of English, both in 
“" J speaking and in writing, they are more accurate than most students. This 

vy is particularly noticeable in their written examinations. 

; ‘“We do find, however, that some engineering school graduates are 
- Be handicapped to some extent by lack of experience in public speaking. The 
mply hearing of patent cases does not form a very large part of the work of a 


eek: good many Federal judges. Naturally, they rely, to a large extent, upon 
the oral as distinct from the written argument when hearing such cases. 
It is, therefore, a distinct advantage for the patent attorney to have not 
only a command of accurate and precise English, but also the fluency 
which can only come from experience in addition to a sound training in 
public speaking.’’ 


The other type of school likely to have graduates from several 
college curricula is that of Business Administration. The Dean of 
one such school gives his opinion in the following way : 


‘*. . , judging from the products that come to us at the Graduate 
School of "Business . . + I am inclined to think that such teaching leaves 
a good deal to be desired. Unfortunately the same is true in respect to 
graduates of colleges of Arts and Science. The fact is that engineering 
colleges which are parts of universities, usually have the same instructors 
in English that the other colleges have, and, at the present, I think they 
are requiring just about as much work as is required in other colleges. 
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As between students in different departments, it becomes largely a matter 
of secondary school training, aptitude and taste to determine how individual 
students make out with English. 

‘‘The present tendency, I think, is clearly to require more work in 
English. Additional requirements probably carry with them somewhat 
better performance, but I am inclined to think that the emphasis is too 
much on requirements expressed in terms of units, and too little on specific 
performance. Off hand, I should say that . . . from twenty to thirty per 
cent of the students have considerable difficulty in handling the writing of 
reports required in the Graduate School, and this means that the ability 
of these students to write English is much less than it should be.’’ 


Probably the most specific comments have come, through the 
Dean, from the professor in charge of the work in English at another 
such school, where I happen to know that many men with engineer- 
ing degrees receive postgraduate training in business. His remarks 
follow : 


‘‘The difficulties of engineering students in writing reports in the 
Business School are similar to those of college graduates. One difficulty 
is that the engineering student finds it hard to handle well a problem which 
cannot be proved mathematically. He lacks ability to present his argu- 
ments effectively. This difficulty is reflected in the lack of organization 
of material, as well as lack of knowledge of grammar and correct English 
usage. 

‘*The organization of reports is likely to be weak in several respects. 
Usually the approach or introduction is beside the point or not forceful 
enough to get the reader’s interest. Not infrequently, one or two pages 
are wasted on extraneous material. Further, transitions from one idea to 
another often are not clear. In other words, since the relation of one part 
of the report to another is not apparent either in the introduction or in 
transitional sentences or paragraphs, it is incoherent. Finally, the organi- 
zation of paragraphs is ineffective. Oftentimes they are too long, so long 
that they lose the emphasis which is desired. There is also lack of unity 
in the paragraphs. Paragraphing is such an important part of an effee- 
tive presentation that it can not be overemphasized. 

‘*That knowledge of grammar or its proper applications is inadequate, 
is particularly noticeable in the matter of sentence structure. Verbs still 
fail to agree with the subjects, and sentences are incomplete; statements 
and statements of a series of facts or ideas are written incorrectly. Long, 
loose sentences still persist. Furthermore, punctuation of sentences is not 
wholly satisfactory, especially with respect to the use of commas and 
semicolons. Spelling is frequently poor, if not bad. Whether this is the 
result of real inability to spell or whether it is carelessness represented 
by lack of editing reports, I do not know. 

‘*Knowledge by students of correct usage of words seems to be re- 
stricted. The traditional errors in the use of ‘affect’ and ‘effect,’ ‘prin- 
cipal’ and ‘principle,’ and ‘due to’ are common. Vocabularies generally are 
limited, with the result that some words are overworked. Thus the force 
of a good word is frequently lost. 

‘*T feel that students generally do not have as much pride in their 
reports as they should. Editing for errors in spelling and typing is an 
essential of good workmanship. Ordinarily when the effects of slight 
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errors on a reader are called to the attention of the student, he appreciates 
their importance, ’’ 


SUMMARY 


To sum up the points of view of these three groups of men, it is 
evident that a substantial part of the engineer’s time is spent in 
work requiring written or oral expression and that a large majority 
of the younger engineers believe more emphasis should have been 
placed on English during their college days. In the case of a sub- 
stantial minority, work involving writing or speaking was more 
difficult for them than their other work and, in a similar propor- 
tion of the cases, the results were not satisfactory to their super- 
visors. Half of the graduates and two-thirds of the supervisors 
believe that Arts and Science graduates, and to a somewhat smaller 
degree, graduates in Business Administration excel engineers in the 
use of English. 

The most frequent suggestions for improvement are (1) a 
greater emphasis on the value of English that its importance may 
be recognized by the undergraduate. (2) Scrutiny of engineering 
and other reports for errors of expression and lack of clarity. (3) 
Additional English courses, especially in Public Speaking. 

These results, on the whole, hardly warrant despair on the part 
of the teachers of English in engineering colleges. When the diffi- 
culty of their task is appreciated it seems they have done astonish- 
ingly well with it. There are, at least, two unique inherent diffi- 
culties which they face. In the first place, the engineering student 
is the sort of man who expresses himself far more naturally in 
concrete and mathematical symbols than in words. In the second, 
his courses other than English give him very little opportunity to 
write or speak as compared with the students in other curricula 
who write in all and speak in many of them. These distinctions 
amply explain the differences in their facility. 

But something substantial remains to be done. One thing ob- 
viously is a somewhat different attitude toward English in the whole 
engineering faculty and effective reflection of that attitude in the 
student body. I feel that the data presented here fully justify you 
in urging this most vigorously. Beyond that, if I were president 
or dean of an engineering college, I should feel warranted in asking 
why the following requirements in English were not the minimum 
necessary in its curriculum, fully realizing that excellent reasons 
might be given to the contrary. 

(1) A freshman course definitely pointed to correct, clear 
writing and speaking, through frequent compositions, class discus- 
sions, and a certain amount of reading, with an inflexible standard 
of performance. 
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(2) The reading outside of class during sophomore and junior 
years, of ten to twelve great books, with written or oral examina- 
tions to make certain that they had been more than superficially 
covered. 

(3) A substantial seminar course in senior year, where written 
and oral reports of some length and complexity are presented and 
discussed for organization of thought, choice of language, and style. 

In addition, I should urgently request every member of the 
faculty to scrutinize papers in all courses, from time to time, espe- 
cially where the nature of the material makes it appropriate, from 
the point of view of correct and clear English. It is probably true 
that such a procedure would not be practical in the case of all 
student reports. 

These suggestions require an adequate staff, a problem which, as 
I am not president, or dean of an engineering college, I shall leave 
to those who are, but urgently commend to their attention. 
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THE ART OF TECHNICAL WRITING * 


By GEORGE A. STETSON, 


Editor, The American Society of Mechanical Engincers 


It would be presumptuous of me to treat this subject, ‘‘The 
Art of Technical Writing,’’ by elaborating upon the details of 
literary craftsmanship as applied to papers for scientific and 
engineering audiences. Several excellent textbooks are devoted 
to these details and all of you are familiar with them. I propose, 
therefore, to emphasize two important aspects of this general sub- 
ject, appropriateness and brevity, and to touch upon the publica- 
tion problem of a professional society as it is affected by those who 
write the papers presented to it, and the work of the American 
Standards Association on Symbols and Abbreviations for Scien- 
tific and Engineering Terms. 


Brevity Saves Reapers’ TIME AND PUBLICATION EXPENSE 


Editors are ruthless folk. If they are not born with an ele- 
ment of ruthlessness in their natures they soon acquire it in the 
practice of their vocation. Shears, paste pot, and the blue pencil 
are the symbols of their craft. ‘Exercising their prerogative of 
expressing themselves as they see fit in their own editorials and 
special columns, they change, cut, and delete the literary products 
of others with what their contributors must frequently believe to 
be a truly fiendish glee. Many an author, in viewing his shorn 
brain child in galley proof, has sworn never again to put pencil to 
paper and has announced to the editor in no uncertain terms this 
resolution of self restraint. I recall, for example, one irate and 
ironic author who complimented me upon having compressed his 
half hour’s speech into seven lines. But such incidents are all in 
the day’s work of saving the reader’s time, patience, and money 
and turning over to him something that will be worth while; for 
the editor is the sereen that holds back all but the best of the 
material that flows through his establishment. 

Every time I read that excellent little monthly known as the 
‘“‘Reader’s Digest,’’ I wonder what more I would have learned if 
I had spent ten or twenty times the effort with the original articles. 


* Presented at the Session on English of the Society’s Summer School for 
Engineering Teachers, The Ohio State University, July 25, 1932. 
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Each condensation seems well and logically put together. It 
begins, ends, and expresses its ideas and it is not tiresome. What 
admirable economy. Why is more of it not practiced ? 

The answer lies, I believe, in the fact that this kind of writing 
is the hardest to master. Almost anyone can go voyaging on an 
ocean of words and bring up at some distant port if time means 
nothing to him, but it takes a skillful navigator to stick to the best 
and shortest route, with the ultimate destination as the only port 
of call. Trying to express too many ideas in one paper and using 
words and sentences with prodigal wastefulness are the common 
faults of inexperienced writers. 

Is it necessary for me to violate this cardinal principle of 
brevity by detailing its rather obvious advantages? How many 
books, magazines, and papers do you read? How much reading 
must you do to keep up with your specialty and with contemporary 
events? Do you lay aside the six- or twelve-page article to be read 
when you will have more time (which seldom is ever found) and 
content yourself with the briefer ones that neatly fill a page, a 
column, or a paragraph? Others read the same way and will 
thank you for holding them by the buttonhole for the briefest tale 
you can tell. As a writer you have always to compete with another 
interest, and you may not be as successful as the ancient mariner 
in detaining the wedding guest, for your story may not be as 
absorbing. 

Write WITH THE READER IN MIND 


Let us return to the ‘‘Reader’s Digest.’ You may say that this 
little magazine is not concerned with ‘‘technical literature’’ and 
that I am supposed to be talking about the art of technical writing. 
I admit this difference, but the ideal is there. Recently I bar- 
gained with an engineer for four pages and got six. Without 
removing important material I could not for the life of me put 
it into less than six pages. The slender rivulet of text that 
meandered through a meadow of footnotes, cuts, and tables, if I 
may paraphrase Sheridan, was so meagre that scissors provided 
the only means of subdividing it. The article in question gave 
data for designers and references to source material. The author 
was providing working tools and not general information. He 
was making no attempt to describe something new, to convince by 
arguments, or to entertain. He knew that his readers would say, 
**Good, I’ll need that some day,’’ and would straightway cut it out 
and file it. As general reading it had no function, but it served 
its specific purpose admirably. 

This then is a second objective of technical writing, to have a 
purpose and to stick to it; to make the paper appropriate to the 
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occasion. The writer of a technical paper should ask himself, 
‘‘Why am I writing this? What do I wish to accomplish?’’ and 
his honest answers to these questions will determine what he wants 
to say. The editors of the ‘‘Reader’s Digest’’ ask themselves 
these questions and the answers to them reflect the aim and policy 
of their magazine. They want to present a broad landscape by 
means of a series of unrelated snap shots instead of a complete 
panorama. The subject matter of their condensations served an- 
other purpose in its original form of publication and was un- 
doubtedly appropriate to the conditions of that first publication. 
It could be reworked and rewritten to serve many other purposes, 
and thus be made appropriate for other audiences and other ocea- 
sions. The purpose would in every case determine the character 
of the article and the method of handling the material. Let us 
examine how this applies in technical writing. 


Many Papers May RESULT FROM THE SAME SuBJECT MATTER 


Suppose, for example, an engineer has made an analytical study 
of a research problem. What literary possibilities may come out 
of this study? Obviously the record of what has been done should 
be written down. From this a report results into which is gen- 
erally dumped every scrap of pertinent data, every mathematical 
derivation, every curve sheet, descriptions of equipment, method, 
theory, results, and conclusions in a tiresome hodge-podge of words 
and illustrative material whose chief and perhaps only virtue is 
completeness. But as this is a record, some importance may be 
attached at some time to every detail and hence every bit is pre- 
served. 

But now the engineering investigator is seized with an urge to 
publish. Perhaps a dean is scanning bibliographies for evidences 
of productive scholarship on which to base promotions. Perhaps a 
harassed program committee is looking for a speaker, or an editor 
hears of the work and wants an article. What shall the engineer 
do? 

Obviously this is one of ‘those cases where a subject is already 
at hand and an abundance of material exists. The actual me- 
chanies of producing the engineering paper alone remains. The 
aspiring author is therefore faced with a problem the importance 
of which is appreciated by none but the seasoned writer. He must 
decide upon a method of presentation that will suit his audience. 
He must consider the nature of this audience carefully and he must 
realize not only the limitations of its background, its knowledge of 
the subject to be discussed, and the extent of its interest in that 
subject, but he must also realize the limitations of his ability to tell 
his story to this audience. Let me illustrate. 
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We shall suppose that the engineer author is to prepare a paper 
for presentation before a professional society and that a paper for 
inclusion in permanent form in the society’s transactions is ex- 
pected. What possibilities confront him? 

First of all there is his contribution to the permanent literature 
of his profession. A technical paper must be prepared. Upon it 
depends the author’s reputation as an engineer. The paper must 
be accurate, clear, concise, and, at the same time, complete. It 
must be logically thought out and skillfully put together, with 
substantiating data and descriptions of apparatus and technique 
that will inspire confidence. The conclusions must be clearly and 
definitely stated, with whatever qualifications seem necessary. 
Others will check the data, appraise the technique, and form their 
own conclusions. Some may wish to use the results and data 
presented in the paper in important works of their own. The 
author should have these men in mind and present his material 
so that it will be of maximum benefit to such practioners. The 
cuts, curves, tables, and mathematics must be carefully studied and 
planned. Here details will be necessary, there they may obscure 
the main theme. How will the reader interpret the conclusions? 
His time and effort must be saved. It is right to expect that the 
reader must apply some thought and study to the paper because it 
is not diversion he is seeking but help in his own problems. He 
will not read it as he reads a story. He will study it at his con- 
venience—spend days on it, perhaps. Even so his time and effort 
must be saved, and perhaps some of the details that substantiate 
and amplify the main thesis can be put into appendices, leaving the 
main article a straightforward development of the essential fea- 
tures, beginning with an explanation of purpose and scope, and 
ending with a summarized statement of results and conclusions. 
Five pages or fifty? The extent and importance of the subject 
matter, not the time available to the reader, will determine the 
length. 

Another possibility exists in the way of a less extensive and a 
not so highly technical paper presenting these same results to a 
group of engineers who are not specialists in this subject but whose 
interests are related to it. Obviously considerable detail must be 
avoided. Emphasis must be on the results and their significance 
and adaptability. The paper must tie in to the general interests 
of these readers. Much of the substantiating evidence and de- 
scription of apparatus and technique can be omitted as readers will 
be chiefly interested in results and their significance. 

An oral presentation of either of these types of papers would 
be an expected corollary in any event. Now must the writer be- 
ware. His time is limited. His audience cannot study the details 
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of his apparatus, his technique, his tabulated results, his beautiful 
eurves and sketches. He must present his story in abbreviated 
form, appealing to his audience largely through their ears. If he 
uses lantern slides, they must be simple, with but few lines and 
little reading matter. His sketches must be truly sketches; other- 
wise their significance will not be grasped because the detail cannot 
be studied. If he uses mathematics it must be very simple and 
easily followed, the long derivations being omitted and only the 
significant equations presented. This presentation abstract, to be 
effective, must be worked out as carefully as the original paper. 
Under but few circumstances can the complete original be read 
profitably to an audience. 

But the experts who will study the details of a complete report, 
the engineers who have related interests in certain phases of it, 
and the audience that may hear its oral presentation are not the 
only persons to whom the author may wish to address himself. A 
more general audience in the form of the readers of technical 
periodicals offers an opportunity for a broader publication of the 
research. For this audience the author must confine himself to a 
limited number of words, tables, and illustrations, avoid as much 
detail and mathematics as possible, make a conscious effort to cap- 
ture interest, and make clear his conclusions. It is a painstaking 
task. 

In addition to these engineering audiences others exist. It is 
perfectly clear that if this author wishes to reach non-engineering 
audiences, he must rework his material and write with them espe- 
cially in view. The newspaper and the general magazine, the radio 
broadeast, all offer legitimate opportunities to the author to spread 
abroad through the world the significance of his work. This is, 
perhaps, one of the most neglected fields of technical writing. 


Society PUBLICATION PROBLEMS 


Enough has been said—and all of what has been said is obvious 
—to emphasize the two main points I wish to bring out, 1.e., that 
the technical paper should be appropriate in treatment to the 
occasion and manner of its presentation and publication, and that 
it should be as brief as possible for the sake of economy of time 
and publication expense. 

Let us now look at the problem of technical writing from the 
point of view of the professional engineering society. Such groups 
are organized for the expressed purpose of building up the litera- 
ture of the technologies that lie within the scope of their interests. 
Not only must they provide outlets for the literary efforts of their 
members but they must actively stimulate the writing of many 
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papers in order to get on record practices and researches that are 
of value to the profession they represent. They are vitally inter- 
ested in these two factors that I have emphasized. 

The task of a publications committee in an engineering society 
is one that involves selecting the best material for printing and 
keeping its costs within reasonable limits. With one eye on the 
society membership, the committee strives to provide as much 
material of high quality as possible. It is inclined to listen sym- 
pathetically, even in the face of its own counter opinion, to the 
recommendations of the agencies of the society which procure the 
papers for presentation at meetings and those of other agencies 
sponsoring research projects. Its other eye, however, is on its 
budget. Publication costs a surprising amount of money. Line 
for line it costs as much to print rot as it does to print wisdom. 
Brevity is a virtue greatly admired by publications committees. 
All such committees would, I feel quite sure, join with me in urging 
you, as teachers of English to engineers, to strive for clear and 
concise writing by your students. The technical press would also, 
I know, second this request. And the reader, who gets the benefit 
of the reduced printing costs and less wasting of his time, will offer 
a vote of thanks to you and to those whom you convince to prac- 
tice brevity. 

StTaNDARD SYMBOLS AND ABBREVIATIONS 


I come now to my final point. The American Society of Me- 
chanical Engineers, in common with other societies and publishing 
bodies, has had its own style manual covering conventional pro- 
cedure in the preparation of manuscript for printing. It is hoped 
that a revised and more complete manual can be issued as soon as 
conditions permit. Since the present manual was prepared, how- 
ever, a series of standard symbols and abbreviations of scientific 
and engineering terms have been issued, in final or tentative form, 
by the American Standards Association. It is to be hoped that all 
teachers of English to engineers will acquaint their students with 
these standards and make use of them to as great an extent as pos- 
sible so that the coming generations of engineers will be more con- 
sistent and less individualistic than their predecessors have been. 
It is only by getting these standard symbols in use by authors of 
papers that substantial progress toward a quicker comprehension 
on the part of a reader of the significance of a given symbol can be 
achieved. Chemists have long since adopted conventional sym- 
bols for the elements. They are familiar to all educated persons. 
But equally useful concepts in other branches of science and engi- 
neering are represented by no such uniformly used symbols. Why 
must some writers use Z for latent heat and others r? What con- 





it are 
inter- 


ciety 
r and 
n the 
much 
sym- 
o the 
e the 
ncies 
n its 
Line 
dom. 
ttees. 
rging 
and 
also, 
onefit 
offer 
prac- 


THE ART OF TECHNICAL WRITING 


ventional signs in mathematics are approved and what are not? 
Do H, and b, and v always mean the same thing in papers on hy- 
draulics? How much easier it will be for all of us when a stand- 
ard practice in the use of these necessary symbols becomes part of 
the consciousness of every engineering student. It saves hours of 
reader time to use A for area rather than some other symbol that 
is unfamiliar. Those of you whose duty it is to direct the stu- 
dents’ attention to the details of technical writing can help in this 
standardization movement by letting him know that these standards 
exist. 
A Summary or WHarT To Do 


My formula for writing a technical paper is, therefore, sum- 
marized as follows: 

1. Become thoroughly familiar with the subject and assemble 
all the material at your disposal. Don’t neglect the literature. 

2. Decide upon the purpose and scope of the paper as affected 
by the oceasion and the audience. Visualize the persons to be 
addressed, their familiarity with the subject matter, their educa- 
tion, interests, prejudices, ete. Determine the limitations of time, 
space, illustrative material, ete., and get from those who ask you 
to prepare the paper or who intend to publish it any special in- 
structions that may be helpful to you. 

3. List the major items to be covered and choose the material 
to be used. 

4. Get a good title, not too long, not too general, but precise 
and significant. 

5. Let the reader know at once what you propose to write about 
and of any major conclusions that ean be effectively divulged. 

6. Get his interest at the start and keep it. 

7. Have him constantly in mind while you write and don’t 
‘write down’’ to him. 

8. Choose some logical order of presentation and stick to it, 
building on the reader’s knowledge and interest. 

9. Be careful in the choice of words and in the use of examples 
and analogies. Avoid pedantry and unusual terminology; explain 
unfamiliar words if they must be used. Use standard symbols and 
abbreviations. 

10. Be brief, but clear and coherent. Save the reader’s time 
and publication expense. 

11. Leave out irrelevant details and qualifying phrases that 
are obviously unessential. Let curves, sketches, illustrations, and 
tables tell as many of the tiresome details as possible. Don’t in- 
terrupt a well-planned story with substantiating material and 
mathematical demonstrations that can be relegated to appendices 
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for the use of those particularly interested in them. 
at length when you can refer to the original. 

12. Give the reader a good bibliography but don’t annoy him 
with too many footnotes. Provide a good summary and a brief 
synopsis. 

13. When the paper is written, check it over to see if it is 
properly proportioned. Pay particular attention to first and con- 
cluding paragraphs. Check all references, figures, computations, 
mathematics, numerals, drawings, and other details. 

14. Lay the paper aside and read it over several days later to 
make sure it is complete, well-proportioned, logical, and coherent. 

15. Be properly humble about your paternity. Welcome rather 
than resent suggestions for improving your paper and give the 
editor as much credit for knowing his job as you would like to have 
him give you for knowing yours. 


Don’t quote 
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NEW MEMBERS 


ALLEN, Louis N., Jr., Instructor in Civil Engineering, Stevens Institute of 
Technology, Hoboken, N. J. F. DeR. Furman, W. R. Halliday. 

3LODGETT, Howarp B., Assistant Professor of Civil Engineering, South Dakota 
State College, Brookings, 8S. D. H. 8. Carter, H. M. Crothers. 

BraHTZ, JOHN H. A., Research Fellow, California Institute of Teeanology, 
Pasadena, Calif. Franklin O. Rose, Carl Thomas. 

Dixon, Top G., Instructor in Chemical Engineering, Pratt Institute, Brooklyn, 
N. Y. 8. 8. Edmands, Allen Rogers. 

HorNER, HarRuAN H., Assistant Commissioner of Higher Education, New York 
State Education Department, Albany, N. Y. F. L. Bishop, Nell McKenry. 

Jones, WEBSTER N., Director, College of Engineering, Carnegie Institute of 
Technology, Pittsburgh, Pa. Thos. S. Baker, F. L. Bishop. 

Korro.tt, JosePpH H., Assistant Professor of Chemical Engineering, Ohio 
State University, Columbus, Ohio. James R. Withrow, E. A. Hitchcock. 
Ric, KENNETH W., Supervisor of Mechanic Arts, Kern County Junior Col- 

lege, Bakersfield, Calif. Wm. M. Holmes, R. W. Sorensen. 
SreraNl, Luis, Professor of Mechanical Engineering, University of Porto Rico, 
Mayaguez, P. R. C. C. Mota, F. L. Bishop. 

VerrerR, Harry F., Instructor in Electrical Engineering, Stevens Institute of 
Technology, Hoboken, N. J. Frank C. Stockwell, F. DeR. Furman. 
Weimar, Geo. MarrTin, Associate Professor of English and History, Stevens 

Institute of Technology, Hoboken, N. J. F. DeR. Furman, W. R. Halliday. 
ZscHOKKE, ARTHUR J., Teacher of Engineering, Ventura Junior College, Ven- 
tura, Calif. H. B. Langille, Franklin O. Rose. 


96 new members this year. 
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COLLEGE NOTES 


Armour Institute of Technology is particularly pleased to re- 
port that Doctor Willard E. Hotchkiss has been elected President 
and has assumed office. Since the illness of Doctor Howard M. 
Raymond, last spring, and his retirement from active duty with 
the rank of president emeritus, executive responsibility at the In- 
stitute has been in the hands of a committee of the faculty. 

Doctor Hotchkiss is a graduate of Cornell University, where he 
received degrees of Ph.B., A.M., and Ph.D. Northwestern Uni- 
versity has conferred on him its degree of LL.D. 

His teaching experience began at the Wharton School of Finance 
and Commerce at the University of Pennsylvania, where he was 
acting professor of Industry. From 1905 to 1917 he was on the 
faculty of the School of Commerce at Northwestern University, and 
for the latter nine years of this period was dean of the school. 
During the following two years he was at the University of Min- 
nesota as a member of the faculty of the department of economies 
and as director of business education. From 1920 to 1925 his eol- 
lege work was interrupted by his responsibilities as executive <iree- 
tor of the National Federation of Clothing Manufacturers. He 
returned to educational work in 1925, and until 1932 was dean of 
the Graduate School of Business at Leland Stanford Jr. University. 
During the current year he has been on leave of absence from 
Stanford and has been a special lecturer in the School of Com- 
merce at New York University. 

To a conspicuous degree, Doctor Hotchkiss has been engaged in 
service to industry and to the community, while on university 
faculties and at other times when such service required all his 
attention. He was associated with Dean Joseph H. Willits of the 
Wharton School in industrial research connected with reorganiza- 
tion in the upholstery industry in Philadelphia. In 1910 he was 
director of the federal census in Cook County, Illinois. While at 
Northwestern University he was chairman of a citizens’ committee 
investigating juvenile courts in Cook County. In the winter of 
1917-1918 he was delegated by the secretary of war to study labor 
conditions in the logging camps of the northwest. In 1918 and 
1919 he was secretary of the Shipbuilding Labor Adjustment Board. 
In 1920 he was executive secretary of the Industrial Conference 
appointed by President Woodrow Wilson, containing in its mem- 
bership Mr. Herbert Hoover, Mr. Owen D. Young, and Mr. Stanley 
King. As noted above, for five years he was in active charge of 
500 














. to re- 
esident 
ard M. 
y with 
the In- 


ere he 
n Uni- 


‘inance 
le was 
on the 
y, and 
school. 
— Min- 
nomics 
is eol- 
diree- 
= 
pan of 
ersity. 
from 
Com- 


red in 
ersity 
Il his 
of the 
aniza- 
e was 
‘ile at 
mittee 
ter of 
labor 
3 and 
soard. 
rence 
mem- 
anley 
ce of 








COLLEGE NOTES 501 








industrial relations in the clothing industry. While at Stanford 
he was chairman of the California Economic Research Commission. 

Doctor Hotchkiss has been vice-president and member of the 
board of editors of the American Economies Association; he is a 
director of the Taylor Society ; he was one of the organizers of the 
Society of Industrial Engineers. 

For many months the trustees of Armour Institute of Tech- 
nology have searched for a president. The success of the search is 
gratifying. Doctor Hotchkiss’ record of important duties well 
done; his broad experience in education, in industrial and social 
problems and in administration; and the hearty commendation of 
those with whom he has worked, are evidence that the affairs of the 
Institute will be in capable hands. His associates on the faculty 
are confident that after forty years of successful operation the 
school ean look forward, under Doctor Hotchkiss’ administration, 
to continued success and to increasing service to industry and to the 
community. 


The Case School of Applied Science will be host for a confer- 
ence on Re-Engineering for Economical Manufacture to be held 
on March 22, 23, and 24. 

This conference will be the eighth sponsored jointly by the Case 
School of Applied Science and by The Cleveland Engineering So- 
ciety, together with representatives of the National Engineering 
Societies. Professor E. S. Ault, Associate Professor of Mechanical 
Engineering, is general chairman of this conference. 

Officials of manufacturing industries and such authorities as 
Mr. John M. Carmody, Editor of Factory and Industrial Manage- 
ment, will be the speakers, after which the open forum principle 
will be maintained. 

Wednesday Evening, March 22, 1933: 
1. Planning for Profits. John M. Carmody, Editor of Fact. and 
Ind. Man. 
A joint meeting with the C. E. S. and A. 8S. M. E. A dis- 
eussion of the way engineers are facing new problems in 
management, production, maintenance, engineering and 
sales; the necessity for long range planning. 
Thursday Morning, March 23, 1933: 
2. Production Development—Whither Bound? 
Summary of past development, present uncertainty, 
tendency for the future in view of such movements as 
‘*technoeracy ’’. 
3. The Economic Aspect of Entering Competition in Another In- 
dustry. 
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The relative advantage to company, industry and society 
of extending manufacturing activity to an additional prod- 
uct in a field in which competition is already keen. 

4. Redesign of the Product to Increase Appeal to the Purchaser. 
The influence of finish, appearance, flexibility, ease of 
operation, and return of investment. 

Thursday Afternoon, March 23, 1933: 

5. Economical Selection of Equipment. 

Choice of proper kind and type of equipment. The fac- 
tors influencing the purchase of equipment in times of 
full and reduced production. 

6. Developments in Improved Manufacturing Processes. 
Reduction of production costs by using suitable materials 
and improved production processes. 

Friday Morning, March 24, 1933: 

7. Metal Forming to Eliminate Machining. 

Special forging and coining. 

8. The Place for Stampings in the Product. 

When stampings may be used with profit. How the use 
of stampings affects other parts of product. 

9. Influence of Welding on Design and Production. 

Application of welding to promote simplicity and to re- 
duce time and cost of production. 

Friday Afternoon, March 24, 1933: 

10. Changes in Plant Layout to Accommodate Varying Produc- 

tion. 
Rearrangement of portions of equipment for most effective 
operation and control of production of varying volume 
and small quantities. 

11. Selection of Economic Manufacturing Quantities for the 

Small Industry. 
Build-up of basie principles and illustration of the ap- 
plication to specifie cases. 

12. General Factors Entering a Production Program. 

A brief review of the many factors that have not been 
treated in the conference and guidance as to the sources 
of information available. 


Colorado School of Mines.—Enrollment for the school year 
1932-33, while a little below that of the record year previous, was 
not affected by the depression as much in proportion as other state 
schools and other technical institutions throughout the country. 
The trend this year has been for a larger number of Colorado stu- 
dents and fewer men from out of the state. 

A smaller income with which to run the School has led the ad- 
ministration to adopt measures of the utmost economy. Faculty 
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salaries were cut early in 1932, and it has been the policy of the 
faculty to carry on its work with the usual efficiency in spite of 
economic conditions. 

The School of Mines geological field laboratory at Wild Horse 
Park, probably the only one of its kind in the country, is still in 
the process of development. All new work was curtailed at the 
Park, but enough has been done in the past few years to make the 
area a fine training ground for geologists. 

Early in 1931 the metallurgy department changed the furnaces 
in the assay laboratory from coal to natural gas burners. This 
change was made for purposes of economy and convenience, and it 
has worked out splendidly. The introduction of Carbo-Frax muffles 
was found to be successful, and the cost of natural gas firing is no 
greater than of coal firing, in spite of the fact that the gas comes 
from Amarillo, Texas, more than 500 miles from Golden. 

The department of geophysies has done considerable work dur- 
ing the fall for the state in oil and placer mining development. 
Placer mining, in particular, has been flourishing in Colorado since 
hard times have thrown so many men out of work, and the Mines 
geophysicists have aided to a great extent in the work. 

In the geology department, the petrographic division has ad- 
vanced notably in the past few months. The examination of sedi- 
mentary rocks by microscopic methods has played an important 
role in oil field development. Curtailment of drilling operations by 
many oil companies has made it necessary for these companies to 
discontinue the study of well samples. The School of Mines has 
been particularly fortunate in securing these well samples through 
the work of Professor W. A. Waldschmidt, of the geology depart- 
ment. Nearly 100,000 well samples from producing fields, wildcat 
wells, shallow core drill holes, outerop samples, and samples from 
measured sections have been secured. 

These samples have been carefully catalogued and filed, and 
they make up what is probably the best reference collection of well 
samples in the United States. They will be of great value for refer- 
ence in future geological work in exploration for oil, or for work 
in stratigraphy. 

During 1933 the Colorado School of Mines will continue its 
policy of strict economoy, and every attempt will be made to keep 
the standards of the School as high as they have always been. 


Columbia University._-.At its annual meeting in Boston the 
week of September 26, 1932, Dean J. W. Barker was elected Presi- 
dent of the Illuminating Engineering Society. 
An Engineering Senate has been organized at Columbia for 
each of the Departments of Civil, Mechanical, Electrical, Mining, 
35 
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Industrial and Chemical Engineering. Each Senate is composed of 
four alumni and four non-alumni who are active leaders in their 
respective fields of engineering. They are men who have not only 
made considerable progress in their profession but have not for- 
gotten the technical aspects of engineering education. They are of 
different ages so that the various eras will be represented. Dean 
Joseph W. Barker of the Columbia Engineering Schools serves on 
all the Senates and directs and codrdinates their efforts. The Co- 
Jumbia Engineering Alumni Association nominates one half of the 
members and the various national engineering societies the other. 

The Senates were formed to bring the educational side of engi- 
neering in contact with the practical phase of the profession and 
to prevent the theoretical from becoming antiquated in the light of 
modern methods. Engineering educational societies long have felt 
the need of an organization or system by which the theoretical 
phase of engineering could be brought into closer contact with ex- 
verienced engineers. 

In order to acquaint the Senate members with the aims of the 
Columbia Engineering Schools the first meetings have been devoted 
to orientation, aims, methods of instruction, and facilities of the 
several departments. In time the meetings will probably go into 
the details of curriculum in regard to its relation with the actual 
practice of engineering. 

The term of office of each Senate member is four vears with two 
new members appointed each year. 


Massachusetts Institute of Technology.—A substantial grant 
from the Rockefeller Foundation has made possible an expansion of 
the high altitude weather research which the Department of Aero- 
nautics has been carrying out since November, 1931. Three miles 
above Boston observations are taken every day when flying is at all 
possible. 

Dr. K. O. Lange, who joined the Institute staff in October, 1931, 
has already had five years of aeronautical meteorological research 
at Darmstadt, Germany, before undertaking this problem in eol- 
laboration with Professor Daniel C. Sayre who has made most of 
the flights. 

It is hoped by means of these daily observations that it will be 
possible to determine the characteristics of North American air 
masses over Boston and thus ultimately to extend the application 
of air masses to weather forecasting. 

About 90 per cent of the scheduled flights have been completed 
and encouraging results obtained. 


Michigan College of Mining and Technology.—Beginning this 
June, Michigan Tech undergraduates may, if they prefer, work 
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toward a general Bachelor of Science degree instead of toward one 
of the specialized B.S. degrees now conferred in seven branches 
of engineering and in geology and chemistry. This addition was 
voted by the college faculty in December and approved by the 
board of control a month later. 

Hours necessary for graduation will be the same as for present 
degrees, but required subjects will be considerably fewer. They 
include three courses in mathematics, three in physics, four in 
chemistry, one in metallurgy, three in economics, one in mechanical 
drawing, one in electricity, one in mineralogy, three in geology, and 
also American government and politics, essentials of English com- 
position, technical writing, public speaking, and business letters. 
Subject to the approval of the registrar, electives may be taken in 
any of the scientific, engineering, or humanities departments. 

A general Master of Science degree will also be added to the 
present specialized ones. As a result graduate students may hence- 
forth write theses in mathematies and physies, including geophy- 
sics, as Well as in engineering, geology, and chemistry. 

At its January meeting the board of control likewise appproved 
the addition of fifteen courses in the departments of mathematics, 
chemistry, and civil, electrical, mechanical, military, and mining 
engineering. Among them are mathematies of finance, bridge de- 
sign, electric railways and railway electrification, alternating cur- 
rent circuits (advaneed), transients (advanced), valve gears, river 
and harbor improvements, coal preparation, and mine-inspection 
trip II, to be taken outside the Lake Superior copper and iron 
regions and to alternate with the present trip within those districts. 

For next year Michigan Tech has been officially designated as 
one of the colleges to which a West Point graduate will be sent for 
advanced training. From a dozen to fifteen officers are given such 
training annually. The man to enroll at Houghton will specialize 
in river and harbor study and in hydraulies, according to word re- 
ceived by President W. O. Hotehkiss. 


Stevens Institute of Technology announced recently to stu- 
dents graduating from high school or preparatory school in mid- 
winter 1933'that a special section of Freshmen will be admitted to 
the college at the beginning of the second term of the college year, 
February. 1, 1933. The curriculum designed for: this special sec- 
tion of Freshmen will permit members of it to complete the full 
college course with the Class of 1936 and to graduate with that 
class in June, 1936. Members of this section of the Class of 1936 
will attend two summer sessions, one at the Engineering Camp in 
1933 and one on the campus at Castle Point in 1934. A similar 
group will be admitted to college in February, 1934. 
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Stevens Institute of Technology has previously admitted stu- 
dents only in September. This departure from customary pro- 
cedure is prompted by the fact that many young men graduating 
from preparatory schools in midwinter 1933 are faced by peculiarly 
difficult conditions under which it is not likely that they can find 
temporary employment while waiting for admission to college. Ad- 
mitted to college in February, they avoid a half-year’s delay and by 
summer work they may overtake the class which entered in Sep- 
tember, thus saving a full year in the time of their graduation. 
Prospective students are advised not to try for midwinter admission 
unless they have confidence both in their scholarship and in their 
physical vigor. 

The terms of admission are similar to those governing entrance 
to college in September and tuition and fees will be payable at the 
same times and in the same amounts as are paid by the other mem- 
bers of the class with which they will graduate. 

During the past two summers, 1931 and 1932, Economies Con- 
ferences for engineering graduates have been held at the Engineer- 
ing Camp of Stevens Institute of Technology. Alumni associations 
of nine engineering colleges were associated in the invitation which 
was issued for last summer’s session. These Conferences have been 
each of a little more than a week’s duration. The general theme of 
last summer’s Conference was ‘‘ Money and Banking.’’ 

At the suggestion of several members of the summer conferenee, 
Stevens Institute of Technology is now holding a series of fort- 
nightly Economies Forums. The first five meetings have been for 
the consideration of the following topics: ‘‘ Economie Problems of 
the Next Congress,’’ presented by Professor W. D. Ennis; ‘‘ Tariff,’’ 
a debate by eight members of the group; ‘‘Intergovernmental 
Debts,’’ Rufus S. Tucker, lecturer; ‘‘Unemployment Insurancee,”’ 
William Maxwell Barclay; ‘‘Currency and Fiat Money,’’ Profes- 
sor Walter E. Spahr, New York University; ‘‘Currency: Good 
Money and Bad,’’ by Professor Frank W. Fetter of Princeton Uni- 
versity. Attendance at these fortnightly meetings has ranged from 
forty to eighty-five. 
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SECTIONS AND BRANCHES 


The 1932 annual meeting of the Middle Atlantic Section of 
the Society for the Promotion of Engineering Education was held 
at the Newark College of Engineering, Newark, New Jersey, on Sat- 
urday, December 3, 19382. A large number of delegates and guests 
were in attendance, the total present at luncheon being one hundred 
and forty-four. 

Following registration, many of the delegates were taken by 
bus to visit 
(1) The Newark Airport, which is the busiest airport in the world, 

clearing more passengers, planes, and mail than Croyden, 
Le Bourget, and Tempelhof combined. 

(2) Kearny Station of the Publie Service Electric & Gas Company, 
where they inspected the installation of the mercury-vapor 
generating unit. The second in the United States of a plant 
of this type. 

A delightful complimentary luncheon was served at 1:30 in the 
Academie Building of the College, and in room 30, adjoining, the 
Section went into session at 2 :45 p.m. 

Dean James A. Bradley, of the Newark College of Engineering, 
welcomed the Section, and turned the meeting over to Chairman 
Robert C. Disque. The minutes of the spring meeting at Swarth- 
more were read and approved, and the treasurer’s report was read 
and adopted. The chairman then appointed committees on (a) 
Resolutions, (b) Nominations, and (c) Meetings. 

The following papers were presented : 

(1) ‘Some Engineering Problems in Aviation,’’ by Edwin G. 
Aldrin, Manager, Aviation Department of the Standard Oil 
Company of New Jersey. This was most enlightening, telling 
of the progress being made in the development of power 
plants, propellers, plane comfort, structures and fuels used 
in present day aeronautics. 

(2) ‘*The Need of Social Mindedness Among Engineers,’’ by Dr. 
Robert C. Clothier, President of Rutgers University. This 
was an inspiring address calculated to stir engineering edu- 
eators from their complacency and content with mere at- 
tainment of technical proficiency. 

(3) ‘‘The Emmet Mercury Vapor Process,’’ by H. N. Hackett, 
Engineer of the General Electric Company. This paper 
traced the mercury vapor process from its inception twenty 
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SECTIONS AND BRANCHES 


years ago to the present day, describing, with the aid of Jan- 
tern slides, the plants being installed at Kearny and Schen- 
ectady, in a very interesting manner. 

There followed a lively discussion of each of these papers, and 
on adjournment the members and guests inspected the buildings of 
the college. 

Dinner was served on the thirteenth floor of the Newark and 
Essex Bank Building, in the dining room of the Down Town Club, 
at six o’clock, Chairman Disque presiding. President Allan R. 
Cullimore of the Newark College of Engineering, made a fine ad- 
dress on the subject, ‘‘Should Edueation Lead or Follow So- 
ciety ?’’ informing the members of the position of his college, one 
of the youngest engineering colleges in the country, and also pre- 
senting for our consideration many points concerning the position 
of engineering in the educational world as a whole. 

Professor H. P. Hammond brought up the matter of compli- 
mentary luncheon, which has for several past meetings been served 
by the host institution, and after some discussion a motion was ear- 
ried to the effect that the host institution, at all future meet- 
ings, be not expected to be put to any expense whatsoever by virtue 
of the meeting on its campus. 

The Committee on Resolutions made the following Report: 


The Middle Atlantic Section of the Society for the Promotion of 
Engineering Education has spent a most profitable and enjoyable day as 
the guests of the Newark College of Engineering. We have been strongly 
impressed with the evidences of service to the community, apparent from 
our inspection of this valuable institution and its work. 

Our hospitable reception and the well-planned arrangements and 
program tendered, have been greatly appreciated. We record our thanks 
for the delicious luncheon contributed by our hosts, also for the excellent 
dinner provided amid such delightful surroundings. We express our 
gratitude to the local committee, to the officers of the college, and to all 
others who have added to our comfort and enjoyment. 

Our thanks are rendered also to the authorities and staffs of the 
Newark Airport and the Kearny Station of the Publie Service Electric 
and Gas Company, for the privilege of visiting their plants and for courte- 
sies accorded us. We are indebted to Mr. Edwin G. Aldrin, Manager, 
Aviation Department, Standard Oil Company of New Jersey, and to Mr. 
H. N. Hackett, Engineer, General Electric Company, for their interesting 
and instructive papers on recent engineering developments. Especially 
are we grateful to Dr. Robert C. Clothier, President, Rutgers University, 
for directing our attention to the present day need for engineers who are 
socially minded. Finally, we express to President Cullimore our indebted- 
ness for his inspiring exposition of the educational ideals of the Newark 
College of Engineering, which has so fittingly closed our day’s program. 
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This we beg to submit as the sense of the best attended meeting thus 
far held by our organization. 
(Signed) James S. THompson, McGraw-Hill Book Co., 
S. S. EpmManps, Pratt Institute. 
L. F. Wirmer, Lafayette College. 


The above resolutions was unanimously adopted. 

The Committee on Nominations, consisting of Dean Collins P. 
Bliss, Professor Hale Sutherland, and Dean Robert L. Spencer of 
Delaware, Chairman presented its report in the form of the nomina- 
tion of the following: 

For Chairman—Allan R. Cullimore, President, Newark College of 
Engineering, 

Vice-Chairman—Robert C. H. Heck, Rutgers University. 

Secretary-Treasurer—Charles G. Thatcher, Swarthmore College. 

By unanimous vote of the membership the secretary was instructed 

to cast a ballot for the above officers and they were declared elected 

for the ensuing year. 

The Committee on Meetings, consisting of Dean J. W. Barker, 
Columbia, Professor H. P. Hammond, Brooklyn Polytechnic Insti- 
tute, and Professor P. S. Creager, Rutgers, Chairman, reminded 
us of the coming meeting in the spring of 1933 at the University of 
Delaware, and recommended that the annual meeting in the fall of 
1933 be held at Cooper Union, New York City. The report was 
unanimously accepted. ‘ 

The meeting was adjourned at eight P.M. 

(Signed) CHARLES G. THATCHER, 
Secretary, Middle Atlantic Section, S. P. E. E. 
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MACHINE DESIGN CLEARING HOUSE 


DISCUSSION OF PossIBLE RELATIONSHIP BETWEEN THE DENSITY OF A 
METAL AND THE VALUE OF PoIsson’s RaTIo 


‘*In looking over the values of Poisson’s Ratio recently I was 
struck with their similarity to the weight per cubic inch of the 
same material. 

‘*For example: 


Material Wt. per Cu. In. Poisson’s Ratio 
onc iin wale We dae Soe we Wiase a -260 .270 
RRA ees ee eee 277 .278 
ME VGacetuseds5sceuss we wave es -283 : .303 
MS Scncepae eek wicceilles waces 318 333 
SE eee .300 Boe 
ROSSER PS TR IIE Tee N eee ee 411 .430 


‘*There is probably some relation between the density of a 
material and its change in volume per unit volume under stress. 
[ have never seen this mentioned before, however, and wondered 
whether any of the Clearing House members have noticed anything 
on the subject.’’—A member of the Clearing House. 


‘‘Referring to the question whether a relation exists between 
density and Poisson’s ratio, it seems that the Professor’s statements 
generalize too far. It is true that certain porous materials show 
low values of Poisson’s ratio. This is, for example, the case for 
concrete or cast iron. However, the low figures for Poisson’s ratio 
are probably not due to the comparatively small density of the 
material but more to the presence of holes and pores. These latter 
will close up under compression. Thus the material will show less 
lateral deformation. But to conelude from this fact that Poisson’s 
ratio must be greater for lead than for steel, is hardly correct. For 
east iron Poisson’s ratio will probably be variable with stress. For 
this reason it is not right to record an arbitrarily determined Pois- 
son’s ratio for cast iron and to compare it with the ratio for such 
compact and solid materials as steel or copper. Before anything is 
more definitely said about the relation between Poisson’s ratio and 
the weight per cubic unit, it would be necessary to check carefully 
by what testing methods the Poisson’s ratios have been obtained for 
such very differently behaving materials as cast iron and lead.’’ 
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MACHINE DESIGN 


Commenting upon the Professor’s observation concerning the 
possible relationship between the density of a metal and the value 
of Poisson’s ratio, I submit the following data: 











sas : Weight | Poisson’s 
Metal Opposition % Density aie te. Ratio 
1. Electron Metal..... Mg 94.7, Zn 4.6 1.95 0.068 | 0.26 
2. Duralumin.........| Al 95.5, Cu 3.25 2.80 0.098 0.275 
3. Armco Iron, 
hot rolled. ....... Fe 99.5 + 7.88 0.280 0.197 
4. Medium Carbon 
ee C 0.49%, Mn 0.46 ‘ os , 
Annesled.......... Si 0.12, $ 0.029 1.75 | 0.275 | 0.241 
5. Stainless Steel 
2) Irae Cr 18%, Ni8% 0.278 0.36-0.365 

















From these data it would seem that there is no apparent con- 
nection between the density and Poisson’s ratio. I find no value 
for Poisson’s ratio for such heavy metals as gold or platinum, but 
it would be apparent that if these were to increase in the order of 
density they would be considerably in excess for the maximum value 
of this ratio, which is 0.50. 

I think the matter brought up is one that deserves very much 
more attention than it has received. It is astonishing when you think 
that what is usually called the very exact mathematical science of 
elasticity is based upon the use of a constant whose value is so little 
known. There is almost no data for any of the metals, excepting 
steel and a few of our better used alloys. Most of this data is a by- 
product of the tension test and it is questionable whether they may 
be considered accurate within more than 5 or 10 per cent. Pois- 
son’s ratio certainly does have to do with the relation existing be- 
tween the atomic bounds. It is well known that metals having a 
large atomic volume are more easily compressible, have a low elastic 
modulus, high coefficient of expansion, and relatively low melting 
temperature, while the metals having a small atomic volume have 
on the whole quite the reverse characteristics. It would seem as 
though the possibility of connecting Poisson’s ratio with other 
physical data would be one that would be a challenge to the physi- 
cist. Apparently the constant is taken much as though it had been 
handed down engraved on tablets of stone. 


REFERENCES 


Nos. 1-4. T. MeLean Jasper, ‘‘Determination of Poisson’s Ratio,’’ A. S. T. 
M., Vol. 29, 1924, Part II, pages 10-12. 
No. 5. Technical Bulletin, Associated Alloy Steel Co. 
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DEVOTED TO THEINTER- 
ESTS OF THE DIVISION OF 
ENGINEERING DRAWING 


FREDERIC G.HIGBEE, EDITOR 


1933 Engineering Drawing Competition—The Executive Com- 
mittee of the Division of Engineering Drawing announces herewith 
regulations governing the annual competition in engineering draw- 
ing which will be held in connection with the annual meeting of the 
4 Society in Chicago. 

ig 1. Drawings must be regular assignments of the first year in an 













: engineering drawing course. (If this first year’s course is divided 
Pi into more than one unit, drawings from any or all of these units 
s are eligible so long as the work is limited to first year engineering 
a : drawing courses. ) 





An engineering drawing department may submit one draw- 
ing min in each class. 

3. Each submitted drawing must have attached to it a statement 
coneerning the following information. 

The competition class in which the drawing is to be entered. 

b. The name, address, and institution of the drawing teacher. 

c. The number and length of lecture or class periods, the number 
and length of drawing room periods, and the number of 
‘home work’’ periods which were available to the student 
prior to and including the time spent on the submitted draw- 
ing. 

d. The number of units of mechanical drawing earned by the stu- 

dent competitor before entering college. 

The total amount and distribution as above noted of time avail- 
able for the course. 

f. The name and address of the student whose drawing is submitted. 

g. A statement of the problem as it was presented to the student. 

Classes of Competition.— 

Class A. A pencil drawing made with instruments embodying an 
orthographic shape description only. 

Class B. A pencil drawing made with instruments, including both 
an orthographic shape and size deseription. 

Class C. An inked drawing made with instruments on paper, 
vellum, or tracing cloth which shall include all the features of a 
working drawing. 

Class D. A freehand pictorial sketch. 

Judging.—-First, second, and third. places will be awarded in 
each class of competition by a committee of judges to be selected 
by the Chairman of the Division of Engineering Drawing. 
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BOOK REVIEWS 


A Short Course in Trigonometry, with tables. By James G. Harpy. 
New York, The Macmillan Company, 1932. ix + 181 pages; 
tables, xxi + 143 pages. $2.25. 


This textbook, according to the preface, is a result of more than 
thirty vears of experience in teaching trigonometry to college stu- 
dents and has been used, in lithotyped form, by a number of in- 
structors for the past three years. 

The chapter headings, with a few brief comments, are as fol- 
lows. I. The Trigonometrie Functions. The sine, cosine, and tan- 
eent, with some applications, are introduced first; the other fune- 
tions are then defined as their reciprocals. II. General Definitions. 
Codrdinates and functions of any angle. III. Relations Between 
the Trigonometric Functions. IV. Reduction to Aeute Angles. A 
simple working rule, using only functions of 180° + ¢ and 360° —t, 
is given. V. Solution of Oblique Triangles. The law of sines and 
the law of cosines. VI. Variation of the Trigonometrie Functions. 
Line values and graphs. A very good chapter. VII. Radian 
Measure. Includes a discussion of the eyeloid. Another very good 
chapter. VIII. Functions of Several Angles. IX. Solution of 
Trigonometric Equations. Inverse Functions. X. Logarithmic 
Solution of Triangles. Includes articles on force and velocity. XI. 
Logarithms. 

The text is better suited to class room use than to use in a home 
study course. In introducing new subject matter the author always 
explains the necessity or desirability of studying sueh topies—a 
commendable procedure. The student is carefully warned against 
a number of the common pitfalls; in particular, he is advised not to 
memorize results that can be obtained more readily from a suitable 
figure. 

There is an abundance of problems of various degrees of diffi- 
culty. Answers are given to most of the odd numbered problems ; 
in the ease of problems that are to be solved by the aid of logarithms 
two answers are given based on the use of four- and five-place 
tables. 

The tables are the Macmillan Logarithmic and Trigonometric 
Tables, edited by E. R. Hedrick. The text is also published sep- 
arately. 

Professor Hardy’s textbook is well written and should appeal 
to instructors of engineering students. Some will wish that the 
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BOOK REVIEWS 
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Solution of Triangles. Includes articles on force and velocity. XI. 
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The text is better suited to class room use than to use in a home 
study course. In introducing new subject matter the author always 
explains the necessity or desirability of studying such topies—a 
commendable procedure. The student is carefully warned against 
a number of the common pitfalls; in particular, he is advised not to 
memorize results that can be obtained more readily from a suitable 
figure. 

There is an abundance of problems of various degrees of diffi- 
culty. Answers are given to most of the odd numbered problems; 
in the case of problems that are to be solved by the aid of logarithms 
two answers are given based on the use of four- and five-place 
tables. 
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Tables, edited by E. R. Hedrick. The text is also published sep- 
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Professor Hardy’s textbook is well written and should appeal 
to instructors of engineering students. Some will wish that the 
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514 BOOK REVIEWS 


subject of accuracy of data and significant figures had received 


more attention. 
W. I. M. 


Electricity and Magnetism. By Norman E. Giupert. Maemillan 
and Co., New York. Price $4.50. 


This book is intended as a text for a physics course in Elees 
tricity and Magnetism to follow the usual first year course. I€ 
strikes a happy medium between the usual text of Electrical Engi 
neering and the numerous texts on mathematical theory of elee 
tricity. As stated in the preface, ‘‘It is the outgrowth of the 
writer’s more than twenty-five years of experience in presenting @ 
survey of the subject as a whole with physics in the foreground.’ 

The most striking thing about the book is the free use of prae 
tical and modern examples, not only to illustrate principles but te 
give the student some familiarity with such modern engineering de4 
velopments as the loaded and phantomned telephone cable and 
power distribution systems. 

Since mathematics beyond the first year of calculus has been 
eliminated the text may be used as soon as the sophomore year, but, 
it would seem in view of the large quantity of material presented 
that it would serve better as a text for a principally senior course. 


F. L. B., JR. 


Modern Physics. By G. E. M. Jauncry, Washington University! 
(St. Louis). D. Van Nostrand Co., 1932. Price $4.00. 


This book is for use in non-specialized second year courses in 
physies. The preface states, ‘‘The detailed courses in heat, light, 
electricity and so on are frequently semester courses and a period 
of two years is generally necessary to cover the ground. However, 
this program defers the student’s contact with such live matters 
as x-rays, the quantum theory, cosmic rays, relativity, radio, tele- 
vision, astrophysics, geophysical prospecting until his fourth year.”’ 
It is the purpose of this book to give the second year student a view 
of these most interesting fields. 

The author has had experience in teaching such a course, which) 
shows in the fine arrangement of the book and the simplicity with) 
which some of these rather difficult subjects are handled. 

A knowledge of freshman physies and of mathematics, which’ 
ineludes a slight amount of caleulus, is assumed, but a chapter on 
the necessary mathematics is included to cover all deficiencies in 


this subject. 
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